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Techniques for Evaluating Aquatic Weed Herbicides’ 


P. A. Frank, N. E. Ortro, and T. R. BartTLEy? 


bien search for means of controlling submersed aquatic weeds has 
emphasized the need for evaluation techniques that can be used 
for the discovery and development of effective herbicides. Before the 
development and use of aromatic solvents, submersed aquatic weeds 
were usually removed mechanically. Mechanical removal is time 
consuming and costly and contributes little toward lasting control 
or eradication of the weeds. Recently, a number of herbicides that 
provide some degree of control have been developed. Many of these 
materials, however, are toxic to irrigated crops and to fish and othe: 
wildlife, and the control period is short. The evaluation techniques 
reported here were designed for use in the discovery and develop- 
ment of new and more efficient herbicides. 


REVIEW OF LITERATURE 


Perhaps the simplest and most rapid technique for evaluating the 
activity of herbicides on submersed aquatic weeds is the “beaker 
test’ (6). In this test, an apical portion of an aquatic plant is placed 
in a beaker or similar vessel containing a solution or emulsion of 
the compound being evaluated. Extent of activity is determined vis- 
ually. The use of excised plant material is an objection to this tech- 
nique. Hudson and Hudson (5) and a number of others (3, 7, 8) 
modified the “beaker test” by allowing the test plants to become 
rooted in sand or a similar substrate before adding the chemical to 
the liquid medium. 

Some of the most critical weed infestations are those which develop 
in the rapidly flowing water of irrigation canals. Plot testing of 
chemicals in canals is difficult, and frequently the water in a large 


Received for publication February 5, 1959. A cooperative study conducted by 
the Crops Research Division, Agricultural Research Service, U. S. Department of 
Agriculture, and the Division of Engineering Laboratories, Bureau of Reclama 
tion, U. S. Department of Interior, Denver, Colorado 

*Plant Physiologist, Crops Research Division, Agricultural Research Service, 
U. S. Department of Agriculture, and Plant Physiologist and Chemist, Division 
of Engineering Laboratories, Bureau of Reclamation, U. S. Department of Interior, 
respectively. 
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portion of the canal must be treated. This type of evaluation elimi- 
nates many compounds available only in small experimental quan- 
tities. Hodgson (4) simplified the testing of herbicides in canals by 
using an isolation box. In this method, a small section of the canal 
is isolated during the time required to apply the herbicide. Even 
this technique requires greater quantities of chemicals than may 
be available and is not suitable for testing a large number ol 
compounds. 


EVALUATION MATERIALS AND PROCEDURES 
Test plants and methods of propagation. 


The species of plants used in the evaluation studies were water- 
weed (Elodea canadensis Michx.), American pondweed (Potamogeton 
nodosus Poir.), and sago pondweed (P. pectinatus L.). These were 
selected because of their general distribution, their differences in 
form and structure, and the difficulty with which they are controlled. 

Many members of the genus Potamogeton produce an abundance 
of underground propagules such as buds and tubers (Figure 1). Plant 


Figure 1. Vegetative propagules: tubers of sago pondweed (left) and winter buds 
of American pondweed (right). 


cultures used were grown from these vegetative structures. Propa- 
gules of the two species used were harvested from the soil and refrig- 
erated in water at 1° to 5° C for several months without loss of 
viability. When removed from storage and planted in 3-inch pots, 
these grew rapidly. In approximately 4 weeks the plants were 18 or 
more inches tall, about to bloom, and ready for use in the evaluation 
studies. 

Uniform cultures of Elodea were obtained from excised shoots 
from a single clone. The basal portions of the shoots were placed in 
soil-filled 3-inch clay pots. The shoots resumed growth and soon 
formed vigorously growing plants. 


Standing-water test 


A standing-water test, in which the plants remained in contact 
with the herbicide solution throughout the test period, was used to 
evaluate the general herbicidal activity of the compounds. Potted 
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test plants approximately 4 weeks old were transferred to glass con- 
tainers. Twenty liters of chemical solution or emulsion were added 
to each container and left unchanged during the test period (Figure 
2). Water was added as required to replace that lost by evaporation. 


Figure 2. Twenty-liter glass container and potted plants used in the 
standing-water test. 


The concentrations of herbicides used in this phase of the evaluation 
were 5 and 100 ppmvy or ppmw. Evaluation was based on visual 
observations of the plant responses at weekly intervals for 4 weeks, 
and the toxicity of the chemicals was rated on a scale of 0 to 10. 


Limited-contact test. 

Infestations of submersed aquatic weeds occur in irrigation water- 
ways at the time of year when a continuous flow of water is essential. 
The only method of chemically controlling the weeds during this 
period is applying the herbicide directly to the water flowing 
through the infested areas. This is done by applying the herbicide 
to the canal at a continuous rate for a specific period and involves 
treatment of a large volume of water. Used in this manner, herbicides 
must be effective at relatively low concentrations and for short 
periods of contact. 
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Many herbicides and the majority of experimental chemicals have 
very low solubilities in water. Emulsions, even commercially pre- 
pared emulsifiable formulations of herbicides, often lack stability. 
Since the period weeds are exposed to the chemicals in flowing water 
is limited, the best conditions possible for contact and absorption 
of the chemicals must be maintained. Flowing water was used to 
promote emulsion stability and provide optimum conditions for 
contact between the chemicals and weeds during the limited-contact 
tests. A small canal constructed of wood and lined with sheetmetal! 
was used (Figure 3). A head box and a baffle were installed at the 


Figure 3. End view of small canal employed in limited-contact test. 


upper end of the canal and an adjustable tailgate at the lower end. 
A 160-liter sump tank was used as a reservoir for the solution or 
emulsion of the herbicide. The treated water was circulated through 
the canal by two sump pumps. 

In making the limited-contact test, the sump tank was filled with 
water at a temperature of 18° to 20° C, the circulating pumps were 
put into operation, and the water level and flow rate in the canal 
adjusted. Potted test plants were placed in the water stream and the 
herbicide being tested was added to the tank. The concentrations 
used were 50 and 100 ppmv or ppmw. After a 30-minute exposure, 
the treated plants were removed from the canal, rinsed in fresh 
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water, and placed in 20-liter holding vessels. Weekly observations 
were made for 4 weeks and herbicidal activity determined as in the 
standing-water test. 


RESULTS AND DISCUSSION 


Results of the evaluation of eight different compounds in standing 
water are shown in Table 1. These were among the more active 
compounds tested and represent a number of different groups of 
chemicals, several of which are important as herbicides. Compounds 
having an activity index number of 8 or above when tested at 100 


Table 1. Activity of eight herbicides evaluated for controlling aquatic weeds 
in standing water, 4-week exposure 


Injury ratings* 
Chemical compound Con Activity 
ppm I P P index no 


canadensis nodosus pectinatus 


acrylaldehyde (acrolein 100 0.0 3 96 


3,6-endoxohexahydrophthalic acid 
endothal), di-V,N—dimethylcoco- 5 
amine salt 100 
5 
100 


1:1’-ethylene—2:2’-dipyridylium 


dibromide (diquat 
5 


2-methoxv—4,6—bis isopropylamino 
100 


s~triazine prometone 
propy!—V,\—di-n—propy!- 5 
thiolcarbamate 100 

s 
100 


1,2,4-trichlorobenzene 


4 
100 


trichlorotoluene 


5 


ylene + 2 percent nonionic 
100 


emulsifier 


*Injury scale: 0—no effect; 10—total kill. Each value is the mean of four weekly ratings 


Average of ratings of the three plants 


ppm were considered to possess sufficient herbicidal activity for 
further evaluation. The compounds which showed high activity at 
5-ppm concentrations were considered to have the most promise as 
aquatic-weed herbicides. 

Serious weed infestations in irrigation waterways must be removed 
with as little delay as possible. Efficient herbicides must kill at least 
the aboveground portions of the weeds at low herbicide concentra- 
tions with short contact periods. Results of limited-contact tests are 
shown in Table 2. Very few of the compounds evaluated were highly 
active. Only two of the compounds listed showed appreciable activity 
at both 50- and 100-ppm concentrations. Emulsified xylene was 
effective at 600 ppm. 

The data in Table | show that three of the compounds were capa- 
ble of killing aquatic weeds in standing or ponded water at a rate 
of 5 ppm, and seven compounds were effective at 100 ppm. In Table 
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Table 2. Activity of eight chemicals evaluated on aquatic weeds in limited-contact 
(30-minute exposure) tests. 





| Injury ratings* 
Conc | Activity 
ppm F P P index no.' 


canadensis nodosus pectinatus 


Chemical compound 


50 8.9 6.0 


acrylaldehyde (acrolein) 
100 10.0 9.1 8.5 


3,6-endoxohexahydrophthalic acid 
(endothal), di-N,N—dimethylecoco- 50 


amine salt 100 


1:1’-ethylene—2:2’—dipyridylium 50 
dibromide (diquat) 100 


2—methoxy—4,6-his(isopropylamino) 50 
s-triazine (prometone) | 100 


n-propyl V,.N—di-n—propyl- 50 
thiolcarbamate 100 


1,2,4-trichlorobenzene 50 
100 


trichlorotoluene 50 
100 


xylene + 2 percent nonionic 300¢ 5 4 
emujsifier 600 6.8 


*Injury scale: 0—no effect; 10—total kill. Each value is the mean of four weekly ratings. 

bAverage of ratings of the three plants. 

*Because of their relatively low cost, aromatic solvents can be used at much higher concentra- 
tions than would be practical for most other herbicides. 


ing water if applied at the rate of 50 ppm and four compounds 
would control weeds at the 100 ppm rate. Emulsified aromatic sol- 
vents, which include xylene and mixtures of aromatic hydrocarbons, 
have been used for a number of years to control aquatic weeds. Their 
activity was similar to that of xylene and for this reason, xylene was 
used as the standard for the performance of these herbicides. Because 
of their low cost, aromatic solvents can be applied at much higher 
concentrations than would be practical for most other herbicides. 
Recommendations for their use suggest application rates of 450 to 
750 ppm (2). The results obtained with xylene in limited-contact 
tests agree very well with the recommendations based on numerous 
field applications. Specifications for the properties of aromatic sol- 
vent herbicides are available (1). 

At present, few effective herbicides are available for the control 
of submersed aquatic weeds. One reason is that only a small fraction 
of the time and effort expended in research on weed control are 
devoted to research on aquatic weeds. Little has been done to develop 
and evaluate new compounds specifically for use on these weeds. 

A serious problem encountered in devising evaluation techniques 
was securing an adequate supply of suitable test plants. Much of the 
early work involved the study of methods for propagating the species 
selected. The problem was solved when it was found that the vege- 
tative reproductive organs of pondweeds not only produced suitable 
plants, but could be stored for fairly long periods. 


2, two compounds were sufficienttly active to control weeds in flow- 
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It was soon realized that the results obtained in the standing-water 
tests were not directly applicable to flowing water. A testing pro- 
cedure that more nearly approximated the treatment techniques 
practiced in the field was required. While there are some objections 
to the procedure, the limited-contact test has served this purpose 
well. One way in which the test can be improved is to provide for 
more thorough rinsing and leaching after the herbicidal treatment. 
After the treated plants are rinsed and placed in the holding vessels, 
chemicals that are adsorbed to the plant and pot surfaces can be 
leached into the water and subsequently adsorbed by the plants. 
This handicap is present only when testing certain types of com- 
pounds and will eventually be eliminated by the construction of a 
canal that will allow adequate leaching of chemicals after treatment. 


SUMMARY 


Techniques for evaluation of aquatic weed herbicides are reported. 
The standing-water test consisted of placing representative species of 
submersed aquatic weeds in 20-liter glass containers with solutions 
of the compound under test. Observations were made for 4 weeks. 
Compounds that exhibited high activity in the standing-water test 
were subjected to a limited-contact test. After 30-minute exposures 
to the test solutions in flowing water, the plants were removed from 
the canal, rinsed, and placed in fresh water for 4 weeks. Seven of the 
eight chemicals evaluated showed high activity in the standing-water 
test at 100 ppm and three showed high activity at 50 ppm. Only four 
of the eight herbicides were effective in the limited-contact test. 
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Herbicides for the Control of Witchweed (Striga asiatica) 
in Early and Late Planted Corn' 


E. L. Rosinson and Criype C. DowLer? 


— pmewudatyoe which parasitizes corn, sorghum, sugarcane, rice, and 
many other members of the grass and sedge family, was found 
in 1960 on approximately 167,000 acres of crop land in North Caro- 
lina and South Carolina. In 1957, the first year of field studies with 
witchweed in the United States, there was a general opinion that 
herbicides would never be feasible for its control. However, Figure | 
shows that witchweed-infested land will respond to methyl bromide, 
although the cost is prohibitive for field applications. 


Figure 1. Corn on witchweed-infested plot: foreground, untreated; background, 
treated with methyl bromide at 3 pounds per 100 square feet 


Until recently herbicides were not widely recommended for witch- 
weed control, but 2,4—dichlorophenoxyacetic acid (2,4—D) killed the 
plant when applied to the top-growth at 14 to | pound per acre (3, 7). 
Treatments of 2,4—D applied pre-emergence to witchweed gave com- 
paratively better results than post-emergence treatments (2). A sig 
nificant increase in sorghum yields and decreases in infestation were 
obtained with increasing rates of 2,4—-D per acre (6, 7, 9). These 
studies suggested the use of repeated light treatments of herbicides 


‘Received for publication Oct. 23, 1960. 
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at 2-week intervals. The optimum rate of 2,4—-D or 2-methyl—4- 
chlorophenoxyacetic acid (MCPA) appeared to be | pound pet 
acre (3, 8). 

Several investigators (1, 5, 6) have supported the view that a crop 
susceptible to witchweed will suffer less from infestation when 
planted early. Their idea was that soil temperatures during the early 
part of the season were not high enough to provide the best condi- 
tions for witchweed germination; therefore, the crop developed a 
good root system and became well established before the parasite 
attack. 

In 1957, research was begun to develop effective, feasible, and eco- 
nomical methods for the control and eradication of witchweed in 
the United States. A combination of cultural methods and pre- 
planting, pre-emergence, and post-emergence herbicide treatments 
to corn in witchweed-infested land appeared to be one of the more 
promising ways of controlling and eventually eradicating this plant. 
The purpose of this study was to determine the most effective herbi- 
cides, dates, rates, and techniques of application necessary to control 
witchweed. 


METHODS AND MATERIALS 


This investigation involved pre-emergence and post-emergence 
applications of herbicides during spring and summer of 1958 and 
1959. Tests were conducted on witchweed-infested Eustis loamy sand 
soil near Evergreen, North Carolina. An adapted hybrid, Dixie 18, 
was planted in 36-inch rows at rates which gave populations of 
approximately 15,000 plants per acre. Dates of seeding were May | 
and April 1. At planting time, 600 pounds per acre of 5-10-10 
fertilizer were applied. When the corn was approximately 3 foot 
high a side-dressing of 100 pounds per acre of nitrogen as ammonium 
nitrate was applied. The herbicide treatments listed in Table | were 
applied with a knapsack sprayer at 20 gallons of solution per acre. 
Herbicides tested were the alkanolamine salt of 2,4—D, the sodium 
salt of 2,3,6-trichlorobenzoic acid (2,3,6-—TBA), 2-chloro—4,6-bis- 
(ethylamino)-s—triazine (simazine), 2,4—dichlorophenoxyacetamide 
(hereafter referred to in this paper as 2,4-DA), and mixed mono- 
ethanolamine salts of polychlorobenzoic acids (PBA). 

The plots were 12 by 40 feet. The experimental design was a ran- 
domized block with three replications. Observations of witchweed 
control and corn injury were made throughout the growing season 
and yields of mature corn taken. 


RESULTS AND DISCUSSION 


The treatments, rates, intervals of application, growth, stages of 
corn, and the yields of early and late-planted corn for 1958 and 
1959 are given in Table 1. 

Contrary to the observations and studies of many of the workers 
in Africa, this study indicated that late-planted corn withstood 
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Table 1. Yields of corn treated with herbicides for control of witchweed 
Data are averages of 3 replications (6 for the check). 


Herbicides, rate per acre /Ib | No. post-emerg. Yield of corn, bu /A 
- | applic. 2 weeks | 


Pre-eny rg | Post-emerg. | apart Planted | Planted 
April 1 


Check 

Simazine none 
Simazine none 
Simazine 2,.4-D \% 
Simazine 2,3,6-TBA \4 


4 


NONWN 
ows 


MMMM 


VND es 


Average 


Check 
PBA 10 
2,4-DA 2 
2,4-DA 2 


N= 


,3,6-TBA 
,3,6-TBA 
4-D4 
4-D4 
4-D4 
Average 


NNNNN 
"SNMNNN 


= 
“—NeNN 


witchweed competition better than the corn planted earlicr. In prac- 
tically all treatments in both years the late planted corn yielded best. 
The average yield of the late-planted corn was over twice that of 
the early-planted corn. 

In general, corn yielded more in 1959 than in 1958, which could 
easily have been due to climatic and fertility differences. In 1958, 
the outstanding treatment was 2,3,6-TBA pre-emergence at 114 
pounds per acre followed by post-emergence treatments of 14 pound 
per acre for 4 times at 2-week intervals. Another promising treat- 
ment was 3 pounds per acre of 2,4—-D applied pre-emergence plus 
4 pound of 2,4-D per acre post-emergence at 2-week intervals for 
4 times. Simazine was not effective in controlling witchweed. 

In 1959, the highest corn yields were obtained from plots which 
received pre-emergence treatments with 2,3,6-TBA at 214 pounds 
per acre plus 2 post-emergence applications of 14 pound per acre 
of 2,3,6-TBA at 2-week intervals, beginning when the corn was 
emerging. Almost as good was 4 pounds per acre of 2,4—D pre- 
emergence plus 14 pound per acre of 2,3,6-TBA post-emergence four 
times at 2-week intervals. 

A pre-emergence treatment of 2 pounds per acre of 2,4—-DA plus 
a post-emergence application of 14 pound per acre of 2,3,6-TBA for 
2 times at 2-week intervals was also effective. However, 2,4—DA at 2 
pounds per acre pre-emergence followed by | pound post-emergence 
did not give as good corn yields as the check plots. Ten pounds pe 
acre of PBA pre-emergence and 5 pounds post-emergence and a sim- 
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ilar treatment with 2,4—D at 4 and | pound per acre, did not increase 
corn yields. On the other hand, 4 pounds per acre of 2,4—-D pre- 
emergence and 5 pounds per acre of PBA post-emergence gave 23.6 
bushels of corn per acre compared to 14.9 bushels in the checks. 


Table 2. Corn injury ratings and height of witchweed, following herbicide 
treatments. Averages are of 3 replications (6 for the check). 


Corn injury Witchweed 
Herbicides, rate per acre /Ib No. post-emerg.| ratings* height, in 
applic. 2 weeks | planted planted 


apart 


Pre-emerg Post-emerg 


Check 
PBA 10 
2,4-DA 


nu--— 


i) 


NNNNN 
+e ww 
sNNNN 
“Nmeatvty 


| 


*Rating scale: 0—no kill, complete kill 


The ratings in Table 2 reflect to a great degree the yields of corn 
in Table 1. An outstanding point was the absence of visible witch- 
weed in many plots of late-planted corn, whereas, witchweed was 
visible in many plots planted earlier. These results may be related 
to the occurrence of witchweed germination in relation to the date of 
herbicide application. In earlier planted corn much of the herbicide 
may have been dissipated from the soil before the soil was warm 
enough for witchweed to germinate, Herbicide application to late- 
planted corn possibly coincides more closely with a greater flush of 
witchweed seed germination. 


SUMMARY 


1. Corn planted on May | generally yielded more than corn 
planted April 1. 

2. 2,3,6-TBA applied pre-emergence at 114 pounds per acre in 
1958 and 21% in 1959, plus post-emergence applications of 2,3,6-TBA 
of 14 pound per acre for 4 and/or 2 times, respectively, at 2-week 
intervals resulted in the best corn yields. Another outstanding treat- 
ment in 1959 was 4 pounds per acre of 2,4—D applied pre-emergence 
plus 4 post-emergence applications of 2,3,6-TBA at 4 pound per 
acre at 2-week intervals. 

3. Simazine, PBA, or 2,4—-DA applied alone at relatively low rates 
did not increase corn yields. A noticeable increase in corn yields 
usually followed either 2,3,6-TBA or 2,4—D applied post-emergence. 

4. The failure of witchweed to appear above ground does not 
always indicate that it has been controlled, but the lack of witchweed 
emergence and high corn yields are good indications of the effective- 
ness of control treatments. 
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Methods of Evaluating Pre-emergence Herbicides 
for Cotton’ 


J. T. Hotsrun, Jr., and C. G. McWuorter? 


f pen evaluation of herbicidal weed control is often difficult, time- 
consuming, and non-precise. Neither weed counts, weights, rat- 
ings, effects on labor requirements, nor other common methods are 
wholly satisfactory for general use, although most of these methods 
are of value for one or more specific purposes. 

Regardless of the method used, variation tends to be high. Coefh- 
cients of variation in excess of 20 percent are more the rule than the 
exception. A sample review of weed research literature indicated 
that a number of researchers (1, 2, 3, 5, 6) are using various trans- 
formations prior to analysis of certain types of evaluation data for 
the purpose of making variance independent of means. Such inde- 
pendence is a fundamental condition for validity of the F-test of 
significance (7). In many cases, however, percentage data, counts, etc. 
have been statistically analyzed without transformation. These types 
of data frequently need transformation prior to analysis. 

A field study was conducted at Stoneville, Mississippi in 1956 and 
1957 to obtain information on the variability of weed infestations in 
cotton and on the efficiency of several techniques used in evaluating 
and analyzing the results obtained from pre-emergence herbicides 
in cotton. One objective of the experimentation was to determine 
which of several methods of evaluating weed control was most 
advantageous for primary field evaluation of new pre-emergence 
herbicides for cotton, and which was best for advanced economi 
evaluation of selected herbicides. The second objective was to 
increase the precision of herbicide evaluation in cotton through 
changes either in experimental design or statistical treatment of the 
data. 


MATERIALS AND METHODS 


Two widely used pre-emergence herbicides at seven rates each and 
eight checks constituted the 22 “treatments” applied to the plots. 
The checks were not treated with herbicides, but were hoed and 
cultivated in the same manner as the treated plots. The first plot 
and every third plot thereafter in each replication were checks and 
the 14 herbicide plots were randomized within the remaining spaces. 
Each plot consisted of two 40-inch rows at least 75 feet long. The 
experiment was conducted three times. Two plantings of cotton for 
the experiments were made on different dates in 1956 and one in 
1957. Four replications were used in each planting. The soil type 


‘Received for publication Nov. 14, 1960. 

*Agronomist, Crops Research Division, Agricultural Research Service, U. S. 
Department of Agriculture, and Plant Physiologist, Crops Research Division, 
Agricultural Research Service, U. S. Department of Agriculture and the Mibssis 
sippi Agricultural Experiment Station, respectively, Stoneville, Mississippi 


~Or 


Oe4 





528 WEEDS 


varied between the three plantings from Bosket very fine sandy 
loam to Dubbs silt loam. Moderate broadleaf and low grass infesta- 
tions occurred in the first planting. There were only a few weeds of 
either type in the second, and in the third, infestation of broadleaf 
weeds was moderate and infestation of grasses was high. 

The methods of evaluation studied were: Weed counts and fresh 
weights of weed foliage from four randomly placed 6-ft x 10-in 
quadrats; hoe-labor requirements; estimates of numbers of weeds per 
square foot; estimates of the percentage of ground covered by weeds; 
estimates of percentage of weed control as compared with weeds in 
the adjacent checks; and effects of herbicides and weeds on crop 
yields. Percentage-control ratings were converted to percentages-not- 
controlled so that complete control would be represented by zero as 
was the case with each of the other methods of evaluation. Individu- 
al standard deviations were computed for each “treatment” for each 
method of evaluation within each planting. Certain combined 
analyses of variance were computed as indicated in the results and 
discussion section. 

After emergence of the crop the middles were cultivated without 
disturbing the drill-row area. The weed-control data were obtained 
approximately one month after planting. Two observers made inde- 
pendent estimates without knowing treatment locations except those 
of the check plots, which were obvious. In certain cases each esti- 
mator repeated his estimates after a short time lapse. Counts and 
fresh weights of weeds were obtained from the randomly placed 
quadrats, and then all plots were hoed. A single hoe-crew of four 
trained men was used without change within each planting. In this 
operation one man was placed on each end of each row of a plot. 
On a signal all started hoeing, and continued to hoe without stop- 
ping until the entire plot was hoed. After a brief rest the next plot 
was hoed, and so on until one replication and finally the entire 
planting was finished. The time required to hoe each plot was 
recorded with a stop watch and converted to man-hours per acre. 

Only initial hoe-labor requirements were used in the comparisons 
with other methods of evaluation. After these evaluations, including 
the initial hoeing, were made all plots were hoed and cultivated as 
needed to maintain weed control for the remainder of the summer. 
In the fall yields of seed cotton were obtained by hand-picking. 


RESULTS AND DISCUSSION 


Because of the restrictions of the objectives of the experiment, only 
a minor attempt was made to use yield of cotton as a measure of 
weed infestation. The attempt was not successful and yields will be 
considered in this report only as a standard for comparing variability 
of other data. None of the herbicide treatments caused any detectable 
decrease in crop yield, but yields were probably depressed by weed 
competition on some check plots. The weeds were allowed to grow 
slightly longer than usual because of the time required in making 
the several evaluations of weed control. 
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Exclusion of some plantings or treatments in certain of the graphs 
and tables is due in large part to extremely low weed infestations 
which made counts, weights, and so forth somewhat ridiculous—for 
instance, counts in 6-ft x 10-in quadrats where weed infestations 
were averaging less than 0.03 weed per square foot. 

Difficulty of repeating estimates is used by some investigators as a 
criticism against the use of visual ratings in evaluating weed control. 
The results of this study indicated that estimates can be repeated 
with reasonable accuracy and that for many purposes visual ratings 
may be more satisfactory than weed counts or weights. The data 
presented in Figures | and 2 are typical of the observer's ability to 
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Figure 1. Percentage of ground covered as estimated by 
independent estimates in duplicate by two observers (a 
and b) in the check plots of replication 2 and 3 of Plant 
ing | (individual observations). 








repeat estimates in this particular study. The results did indicate 
that visual ratings should be based on more than one observation 
and preferably on those by two observers. Where the ratings were 
in terms of a percentage of an untreated area, frequent check plots, 
readily visible from all plots, were of considerable value. Absolute 
estimates, such as number of weeds per foot or percentage of ground 
covered by weeds, required no check plots. 

Whereas most of the estimates were easy to make and could be 
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Figure 2. Control of grass as independently eetimated by 
two observers compared with inverse hoe-labor require 
ments on the herbicide-treated plots of Planting 3 (aver 
ages of 4 replications). 





done rapidly, the estimation of numbers of weeds per square foot 
was difficult. Although the results of this estimation technique were 
in good agreement with counts, both estimators found the required 
mental calculations extremely tiring. After 30 to 40 plots had been 
covered both observers began to feel a complete lack of confidence 
in their abilities to estimate, particularly when moving from dense 
to sparse stands of weeds. This method of evaluation was abandoned 
after the first planting. 

That weed counts, weed weights, ground-coverage estimates, con- 
trol estimates and hoe-labor requirements are closely correlated is 
indicated by the data of Figure 3. The degree of correlation, how- 
ever, can be greatly influenced by growth-form differences in the 
weed populations between the field plots. In the graph showing 
percent ground coverage and hoe labor there are eight circled points 
that lie well off the eye fitted curve. In drawing this curve these points 
were ignored because they represented a situation quite different 
from that of the remaining points. These points represent the eight 
check plots of Planting | in which broadleaf weeds constituted the 
main weed population. These large succulent weeds produced a 
heavy canopy over the soil, but were easily removed by hoeing as 
compared with a similar canopy of grass. 
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Figure 3. Weed counts, weed weights, percentage grass not 
controlled and percentage ground coverage as a func 
tion of hoe-labor requirements (lines are eve-fitted) for 
the check treatments of two plantings and the herbicide 
treated plots of one planting of cotton (see text for 
explanation of circled points.) 





This study left little doubt that annual weed populations in cotton 
fields are highly variable. Inherent variability occurred not only 
between fields but also within individual plots. This is not particu- 
larly surprising since even cotton yields from uniform st aes a 
commonly exhibit coefficients of variability in excess of 10 percent. 
Individual standard deviations were calculated for each evaluation 
technique for each treatment, and plotted against the mean on a 
log-log scale (Figure 4). These data indicated three important points. 
First, of the techniques evaluated, hoe-labor requirements were the 
least variable, and weed weights were the most variable. While the 
least variable data are not always the most reliable, they frequently 
are. Whether the least variable data are more or less reliable than 
other data of greater variability will depend on the cause of the 
differences in variability and also the use to be made of the data. 
Second, the deviations of untreated populations of weeds were sim- 
ilar to those treated with pre-emergence herbicides provided equal 
populations were compared. In other words, it appeared that the 
pre-emergence herbicides tended to control a fixed proportion of the 
weeds regardless of the number present. Third, the size of the devi- 
ation of weed infestations was related to the size of the mean regard- 
less of the type of evaluation techniques used. 
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Figure 4. Standard deviation (s) as a function of the sample means (x) of six 
methods of evaluating weed infestations in checks and herbicide-treated plots 
of three plantings of cotton. 














Where the deviations are proportional to the mean, Snedecor (7) 
suggests that conversion of the data to their square roots or loga- 
rithms prior to analysis may provide a correcting transformation. 
Such a correction is necessary because the error term of the common 
combined analysis is based on a standard deviation which is an aver- 
age of all treatment deviations. Unless the treatment deviations 
which make up this average are of the same general magnitude a 
general (or single) error for all treatments is not valid. For several rea- 
sons to be discussed later hoe-labor requirements were selected for 
further study by statistical treatment. Alter conversion to logarithms 
of observed values, the standard deviation was calculated for each 
mean of the herbicide-treated plots of Planting 3. The results of 
these computations are shown in Figure 5 in comparison with the 
standard deviations of the observed values for the same treatments. 
The transformation tended to eliminate the proportionality between 
the deviation and the means. Combined analyses of variance were 
computed for both the observed values and logarithms for these same 
field plots. The results of these analyses are presented in Table 1. 
Duncan's multiple range test (4) for making multiple comparisons 
was used in each analysis as the basis for differentiating treatment 
means. Although the logarithmic means are tabulated as both logs 
and antilogs, all statistical operations, including establishment of 
the vertical grouping bars, were performed with the logarithms. In 
the observed-value analysis the data indicate that the lowest treat- 
ment mean (3.4 hr/A) differs significantly from eight of the higher 





HOLsTUN AND McCWuorTER: EVALUATING HERBICIDES 533 


X-LOG hr/a 


2 
° 


2 4 6 8 


°o 





t 7 ‘ 7 t 7 t i 
O = LOGARITHMS ; b= -0.02 = .14—— 
@ = NATURAL NUMBERS, b« 0.324.135 


o 
& 


be 
Nn 


e-LOG hr” 








— | 


° 





s-hr/A NATURAL NUMBERS 
o 
OF 


20 
X—hr/A NATURAL NUMBERS 


Figure 5. Standard deviation (s) as a function of the sample means (x) of hoe 
labor requirements of the herbicide-treated plots of Planting 3 expressed as 
natural numbers and as logarithms. 
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Table 1. Hoe-labor requirements and analyses of variance from herbicide-treated 
plots of one planting of cotton with significant differences calculated by analysis 
of observed values and of logarithms of observed values 


Analysis of logarithms 
Analysis of observed values 
Hoe labor 
Hoe labor Treatment 
Treatment hr/A® Anti-log 
br/A*® 


21 


1) « 


Sore 


17 
13.2 
12 


ZEA mmo 


Analyses of variance 


Observed Logarithms 
Source ) Source 
s.S 


Total 5 Total 55 3.9803 
Treatment 142.62 Treatment 3 3.1031 
Replication 26.66 Replication 0381 
Error 3 597.3 15.32 Error | 7744 


Coef. of var 35.3 Coef. of var 14.6% 


a 1.957 hr/A Se 0.0705 log hr/A 


*Treatments not included by the same vertica! bar differ significantly at the .05 level by Duncan's 
multiple range separation (4) 
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means. In the logarithm analysis the lowest mean differs from twelve 
of the higher means. On the other hand in the observed-value analysis 
the highest mean differs from eleven of the lower means while the 
logarithm analysis separates the highest mean from only ten of the 
others. In the log analysis 3.1 hr/A differs significantly from 6.9 hr/A 
(a difference of 3.8 hr/A) while the difference of 8.2 hr/A between 
21.4 hr/A and 13.2 hr/A is not significant. This means that the 
difference required for significance tends to increase as the numerical 
values of the means being compared increase. These observations 
are interpreted as evidence that the logarithmic transformation was 
at least partially successful in that it tended to provide a smaller 
difference required for significance for those means having the 
smaller deviations and vice versa. 

One further attempt to increase the precision of the experiment 
met with little success. The first and last plots in each replication 
and every third plot between were checks. An adjusted hoe-labor 
requirement was calculated for each treated plot through use of the 
following formula: 

Adjusted requirement = 

(3) (observed req.) (average check req.) 


(closest non-adjac ent check) 


(2) (adjacent check) 
The resultant hoe-labor requirements were fully as variable as the 
observed values. As judged by the adjusted average requirements 
each rate of each chemical had a lower hoe-labor requirement than 
the next lower rate whereas there were some exceptions to this as 
judged by the observed requirements. This improvement, however, 
was not considered a profitable return in view of the extra land and 
computational requirements. Our ratio of 8 checks to 14 treated 
plots required 88 plots for 4 replications. If we had used 2 checks 
per 14 treated plots, we could have had 5 replications from 80 plots. 
In our opinion this alternative would have provided a more efficient 
experiment with less land and computations than the design that 
was used. Weed infestations in our test area varied considerably from 
one plot to the next, and adjustment of hoe-labor requirements 
might have produced better results had the variation of our weed 
infestations followed a uniform trend from one side of a replication 
to the other. 

Various visual ratings, weed counts, weed weights, yields of crop, 
and hoe-labor requirements all have certain advantages. Any one 
of these may be the most suitable evaluation method for a particu- 
lar purpose. The choice of the evaluation method should not be 
arbitrary, however, but should be made with considerable thought 
to the objectives of the experiment. While a detailed discussion of 
selection of methods would be impractical here, a few general state- 
ments may be of some value. 

Willard (8) has proposed several criteria for plot-rating scales 
worthy of serious consideration. The authors would like to suggest 
one slight expansion of Willard’s proposals. In many experiments 
the objective is to differentiate between treatments producing 90 
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to 100 percent control as compared with an untreated check. In 
such cases it is suggested that one treatment be the best available 
weed control treatment in current practical use, and that the rating 
scale range from 0 to 100. This woukl facilitate the recording of 
significant, but small, differences between good treatments should 
they exist. If a scale of 0 to 10 is used such differences may be 
obscured where the treatments produce 90 percent control or more. 
The conditions referred to are not rare, and probably represent the 
rule rather than the exception in secondary evaluation experiments 
or in advanced production tests where all of the treatments undet 
test have a high level of herbicidal efficiency. 

Generally, it is hazardous to yields in cotton production to permit 
appreciable numbers of weeds to grow beyond the seedling stage. 
This tends to render estimates of ground covered by weeds imprac- 
tical where crop yields are needed, because the percentage of ground 
covered prior to a practical hoeing is usually small and difficult to 
estimate. Where crop yield is of little concern, the weeds can be 
allowed to grow so that this method of evaluation becomes practical 
for some purposes. 

Counts by species, fresh weights, percentage control estimates, and 
various control ratings of weeds are of much value in obtaining rela- 
tive comparisons of herbicides or practices but are difficult to corre- 
late with economic aspects. Duration of less than perfect control 
based on these techniques is also difficult to assess when hoeing is 
necessary to protect crop yield. Counts and weights (gross or by 
species) are non-judgement evaluations which may be most valuable 
in some studies. As a general rule obtaining weights and counts is so 
time consuming that only fractional plots can be counted or cut and 
weighed. This of course introduces sampling as another source of 
experimental error. Ratings and estimates, while requiring less time, 
are judgement evaluations in which one must always guard against 
bias. 

Cotton is a crop in which a concerted effort is made to establish 
100 percent control of weeds. When a herbicide fails to kill all the 
weeds then some other herbicide or practice is employed to complete 
the job. Hand-hoeing is one of the most extensively used methods. 
The amount of hoe-labor required to remove weeds from a field can 
be used as an excellent and practical measure of the weed problem. 
It is a non-judgement evaluation which reflects the effect of stunting 
and reduction of numbers in one figure. This figure in man-hours 
per acre is readily convertible to dollars per acre or per bale in 
computing production costs. Hoe labor is costly and requires strict 
supervision and planning to keep systematic errors to a minimum. 
It also gives no indication of species selectivity of the herbicide or 
practice. 

Based on the results of this study, arithmetical means of objective- 
ly chosen visual ratings of weed control are adequate and satisfactory 
aids for primary evaluation of pre-emergence herbicides for cotton. 
Since completion of the present study the use of counts in our field 
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studies has been abandoned except under a few special circum- 
stances. In advanced evaluation experiments or other critical 
research it is suggested that hoe-labor requirements supplemented by 
carefully chosen visual ratings or counts will, in conjunction with 
proper statistical treatment, yield the maximum satisfactory evalu- 
ation data. Hoe-labor requirements are particularly well adapted to 
many objectives of economic-type studies on weed control in cotton. 
Although transformation of hoe-labor requirements to logarithms 
prior to analysis was discussed, it should be stressed that this treat- 
ment is not the only method of correcting for dependence of devi- 
ation on the mean. Other transformations may work as well or better. 
For treatments with a relatively narrow range of means, transforma- 
tion may be unnecessary even when deviations are proportional to 
the size of the means. In fact, the simple omission of the untreated 
check plots from the analysis of variance may serve better than a 
complicated transformation in many cases. Transformation study 
was confined to hoe labor in this experiment, but the basic prin- 
ciples involved also apply to the other evaluation techniques. 


SUMMARY 


A field study on the efficiency of some techniques used in evalu- 
ating the results obtained from pre-emergence herbicides in cotton 
was conducted at Stoneville, Mississippi in 1956 and 1957. 

Hoe-labor requirement (excluding yield of cotton) was the least 
variable measure of weed infestation and weed weights were the 
most variable. Estimates of percentage of ground covered, estimated 
percentage of control, and weed counts were intermediate in 
variability. 

Repeatability of estimates of percentage control and ground cover- 
age by the same estimator and agreement between estimators was 
good, particularly from a relative standpoint. 

All types of weed-infestation evaluation showed a high degree of 
correlation with hoe-labor requirement. 

Excluding yield of cotton, the standard deviation of all types of 
the evaluations was proportional to the mean to such an extent that 
combined analyses of variance with untransformed data appeared 
improper for some comparisons. Transformation of the data to 
logarithms prior to analysis provided a substantial correction for 
hoe-labor requirements. 
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Effects of N-(3,4—dichlorophenyl)methacrylamide on 
Growth and Certain Respiratory Enzymes of Corn' 


H. H. Funpersurk, Jr. and W. K. Porter, JR.* 


—— et al. (9) reported promising results for the use of N—(3,4- 
dichlorophenyl)methacrylamide (referred to in this paper as 
(DCMA) as a potential post-emergence herbicide for cotton. These 
workers found when sprays of DCMA were semi-directed unde: 
cotyledons of young cotton, satisfactory weed control could be 
obtained with little injury to the cotton. 

Some effects of DCMA on the early growth and development of 
cotton have been reported by Bingham and Porter (1, 2, 3). They 
found that development of cotyledons and true leaves was markedly 
inhibited by DCMA. It was also found that under DCMA treatment 
the nitrogen content in cotyledons did not decrease as it did in con- 
trol tissue. Ascorbic acid oxidase was found to be very active in 
cotton while there was little or no cytochrome oxidase activity. 
Phenol oxidase activity was intermediate between ascorbic acid and 
cytochrome oxidase. Bingham and Porter (2) concluded that the 
most significant effect of DCMA on these oxidases was a reduction 
in ascorbic acid oxidase activity. 

A possible terminal oxidation system containing glycolic acid 
oxidase was also investigated by Bingham and Porter (3). They pre- 
sented evidence that this enzyme was very active in cotton and that 
DCMA had no apparent effect on its activity. 

This investigation was designed to parallel the work of Bingham 
and Porter (1, 2, 3) who worked with a plant which was relatively 
resistant to DCMA. Corn, due to its ease of culture and susceptibility 
to DCMA, was selected as a test plant for this study. 


MATERIALS AND METHODS 


Techniques used in corn coleoptile straight growth tests were very 
similar to these described by Nitsch and Nitsch (8). When coleoptiles 
were approximately 30 mm in length, a 10 mm section 3 mm below 
the tip served as a section for the straight growth test. Ten sections 
were piaced in 3 ml of test solution containing various rates of tech- 
nical DCMA, indole—3—acetic acid (LAA), or a combination of DCMA 
and IAA. Growth measurements were made after 20 hours with a 
binocular dissecting scope equipped with an ocular micrometer. 

Root absorption and translocation of DCMA were studied by 
using 7 day old Dixie 18 corn seedlings which were grown in soil and 
transferred 4 days before treatment to Hoagland and Arnon’s (5) 
nutrient solution. Even though the solubility of DCMA is less than 


‘Received for publication Nov. 19, 1960. 
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10 ppm in water, the technical formulation of this chemical was 
added to the nutrient solution at rates of 1, 5, 10, 50, 100 and 500 
ppm. Ten days later the plants were harvested and the root and 
shoot dry weights taken. 

Plant material for the remainder of the study was obtained by 
planting Dixie 18 corn seeds in metal flats which contained a sandy 
loam soil. The flats were maintained in the greenhouse for 5 to 6 days 
at which time they were sprayed with 0 and 3 lb/A DCMA in 40 
gallons of water. The plants then were placed in a growth room 
which Bingham and Porter (1) have previously described. 
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CONCENTRATION (PPM) 
Figure 1. Effects of DCMA, indoleacetic acid (IAA) and 
combinations of both on the elongation of corn 
coleoptiles. 


Respiration of tissue slices was determined by conventional War- 
burg methods (10). Duplicate flasxs were utilized in all manometric 
studies and each experiment was repeated from two to five times. 
The first and second leaves (above the coleoptile) were utilized for 
these studies. The pH of the 0.05M phosphate buffer, which was 
used with whole tissue and homogenates, was 5.85 in most experi- 
ments. The pH and concentration of buffers used in glycolic acid 
oxidase, peroxidase, catalase, and cytochrome oxidase studies were 
the same as those described by Bingham and Porter (2, 3). Prepara- 
tion of homogenates and concentration of substrates for the remain- 
der of the experiments were also the same as described by Bingham 
and Porter (1, 2, 3) with the exception of ascorbic acid which was 
added at a concentration of 0.25 M. 
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Most of the data are plotted on a nitrogen basis. Organic nitrogen 
was determined by a micro-Kjeldahl procedure (4). 


RESULTS AND DISCUSSION 


The effects of IAA, DCMA, and combinations of these two chemi- 
cals on the elongation of corn coleoptiles are illustrated in Figure 1. 
DCMA had little or no effect on the elongation of corn coleoptiles 
while IAA caused a definite increase. DCMA appeared to have no 
influence on the elongation of coleoptiles which were also treated 
with IAA. Bingham (1) concluded from his work on cotton that 
DCMA might act as a weak auxin. Since DCMA did not cause any 
stimulation of growth of coleoptiles and since it did not interfere 
with IAA when used in combination, it appeared not to be acting 
as a weak auxin in corn. 

The effect of DCMA on cotton and most annual weeds common 
to cotton fields (grasses and broadleaved weeds) has been established 
(9); however, the effect of this herbicide when applied to roots was 
not known. Both roots and shoots were affected when DCMA was 
applied to roots of plants growing in a nutrient culture (Figure 2). 
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Figure 2. The influence of various concentrations of 
DCMA (applied to roots in nutrient culture) on the 
dry weight of roots and shoots of corn. 


One ppm had a very marked effect on dry weights and the effect 
seemed to decrease somewhat from this point. Fifty ppm appeared 
to have more effect than either 100 or 500 ppm. 

Whether or not DCMA is translocated to shoots when applied to 
roots remains to be answered. The shoots were affected; however, 
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Figure 3. The effects of the commercial preparation of 
DCMA and isophorone (the carrier used in the com 
mercial preparation of DCMA) on the respiration of 
corn leaf tissue. 


this could be a secondary effect. Plants of which roots were treated 
with DCMA did not exhibit the symptoms of foliar treated plants. 

The influence of the commercial preparation of DCMA and its 
carrier isophorone on the respiration of corn was studied for an 8 
day period after treatment (Figure 3). The respiration of control 
tissue decreased during this period. DCMA caused a 40 to 50 per 
cent reduction in respiration as soon as it was applied. Isophorone 
was used because it was the carrier for the commercial preparation 
of DCMA which was used for spraying the plants utilized in all 
phases of this investigation. The influence of isophorone on respi- 
ration was found to be intermediate between that of control and 
DCMA treated tissue. 

The effects of sodium fluoride, iodoacetate, sodium azide, and 
malonic acid on respiration were determined. All of these inhibitors 
caused some decrease in respiration but there did not appear to be 
any significant differences in the effects of any one of these chemicals 
on treated and control tissues. At low concentrations 2,4—dinitro- 
phenol (DNP) may cause stimulation of oxygen uptake while higher 
rates usually inhibit respiration (6). DCMA treated tissue was much 
more sensitive to DNP than control tissue, This effect was measured 
at three concentrations (10%, 5 x 10%, and 10°°M) the relative 
sensitivities were approximately the same with all concentrations. 
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The treatment with DCMA could have caused a difference in per- 
meability of the tissues; however, Bingham* found exactly the 
opposite effect of DNP on cotton. 

The respiratory quotient (R.Q.) for control tissue was found to be 
0.89 while treated tissue was 0.77 (2 days after treatment). This sug- 
gested that more nitrogenous substances were utilized in respiration 


of treated tissue. 
Studies involving certain respiratory enzymes indicated that 


phenol oxidase was very active (Figure 4). McWhorter and Porter 
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Figure 4. The oxidation of catechol and ascorbic acid by 
corn tissue which had been treated with 0 and 3 Ib/A 


DCMA. 


(7) also have reported that phenol oxidase was quite active in young 
corn plants. The activity of this enzyme increased until the plants 
were |] days old, and 3 days later it had declined until it was about 
equal to that on the first day of measurement. Since homogenates 
from control and treated tissues oxidized catechol at about the same 
rate, DCMA had little or no effect on the activity of phenol oxidase. 
When homogenates from control and treated tissue were boiled, they 
completely lost their ability to oxidize catechol. 

*Bingham, S. W. Some effects of N-(3,4-dichlorophenyl)methacrylamide on 
early growth and certain respiratory enzymes of cotton. (A dissertation.) Louisiana 
State University. Pp. 1-93. 1960. 
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There was no difference in the oxidation of ascorbic acid by con- 
trol and treated tissues until 3 to 4 days after treatment (Figure 4). 
Then there was a sudden increase in the oxidation of ascorbate in 
treated tissue which continued throughout the testing period. 

An attempt was made to measure cytochrome oxidase through the 
use of a manometric technique. This procedure did not reveal any 
cytochrome oxidase activity. Carbon monoxide inhibited respiration 
of whole tissue 40 to 50 per cent and light would not reverse this 
inhibition. 

Catalase activity was measured 2 and 6 days after DCMA treat- 
ment. Catalase was very active in corn and there was little or no 
effect of DCMA on the activity of the enzyme 2 days after treatment. 
Six days after treatment, however, DCMA had caused a 50 per cent 
reduction in the activity of catalase. 

Peroxidase activity was affected essentially like catalase by 
DCMA treatment. Bingham and Porter (3) reported that DCMA 
affected these enzymes essentially the same way in cotton. Since 
catalase and peroxidase are metalloprotein enzymes which contain 
hematin as their prosthetic group, they should be inhibited by 
cyanide (6). The use of | mM KCN resulted in complete inhibition 
of both enzymes. 

According to Zelitch (11), glycolic acid oxidase oxidizes glycolic 
acid to glyoxylic acid. This enzyme appeared to be moderately active 
in corn tissue. There appeared to be very little effect of DCMA on 
the activity of this enzyme 2 days after treatment; however, 6 days 
after treatment, the herbicide had caused a 36 per cent reduction in 
activity. This finding differed significantly from Bingham and Porter 
(3) who found that DCMA did not affect the activity of glycolic acid 
oxidase in the cotton plant. Glycolic acid oxidase activity was 
inhibited approximately 50 per cent by NaHSO,. 


SUMMARY 


Some effects of DCMA on growth and certain respiratory enzymes 
of corn have been investigated. DCMA caused little or no effect on 
the elongation of corn coleoptiles while LAA caused an appreciable 
increase in elongation. The herbicide had no influence on elongation 
of coleoptiles which were also treated with IAA. It was found that 
both roots and shoots were affected when DCMA was applied to 
roots of corn. 

DCMA caused a sudden decrease in the rate of respiration of corn 
leaf tissue. The rate of respiration of control tissue steadily decreased 
during the testing period. Low rates of DNP caused stimulation of 
respiration while higher rates caused inhibition. Treated tissue was 
more sensitive to DNP than contro] tissue. 

Phenol oxidase was the most active of the terminal oxidases. No 
cytochrome oxidase activity was detected. Homogenates from corn 
tissue readily oxidized ascorbate and this oxidation increased on the 
third or fourth day after treatment. 

DCMA caused little effect on the activity of catalase 2 days after 
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treatment but 6 days after treatment it caused a 50 per cent reduc- 
tion in activity. The herbicide had essentially the same effect on 
peroxidase and glycolic acid oxidase activity. 
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Effect of N—(3,4—dichloropheny!)methacrylamide on the 
Oxidation of Ascorbic Acid by Corn’ 


H. H. FuNpERBURK, JR. and W. K. Porter, ]R.* 


7 a previous paper (3) it was reported that there was no difference 
in the oxidation of ascorbic acid by homogenates from control 
and N-(3,4—-dichlorophenyl)methacrylamide (referred to in_ this 
paper as DCMA) treated corn tissues until 3 to 4 days after treat- 
ment. At this time, there was a sudden increase in the oxidation of 
ascorbate by homogenates from treated tissue. The rate of oxidation 
continued to rise throughout the testing period (0 to 8 days after 
treatment). Since this appeared to be a significant finding, it was 
decided the reaction should be pursued further. 

According to Mapson (9), ascorbic acid is not autoxidizable within 
the physiological range of pH, so catalysts are essential for any 
reaction between it and oxygen. Ascorbic acid oxidase as well as 
phenol oxidase, laccase, cytochrome oxidase, and peroxidase will 
catalyze the oxidation of ascorbic acid (9). The nonenzymatic oxida- 
tion of ascorbate catalyzed by iron and copper is also well known (2). 

Mandels (8) and Ward (13) have reported on two atypical ascorbic 
acid oxidases which were resistant to most heavy metal inhibitors 
but were easily inactivated by boiling. 

Udenfriend (12) and Brodie (1) found that a model system consist- 
ing of ascorbic acid, iron, and oxygen could catalyze hydroxylation 
of many aromatic compounds. This reaction was not specific for 
L-ascorbic acid since dehydroascorbic acid, diketogulonic acid, 
dihydroxymaleic acid and several other compounds could replace it. 
The exact nature of the hydroxylating agent is not known (1, 12). 


METHODS AND MATERIALS 


The source of plant material for this study was the same as 
described previously (3). Preparation of homogenates and super- 
natants consisted of taking 2 gm of the first and second leaves (above 
coleoptile) of corn, removing the midribs and slicing the leaves into 
very small sections with a scalpel. These sections were placed in 
an omni-mixer in 10 ml of 0.05 M KH,PO, buffer of pH 5.85. Unless 
otherwise stated this buffer and pH were the same for all homogenate 
preparations. The omni-mixer was operated at 90 V for 10 min. 
The mixing vessel was surrounded by an ice bath which maintained 
the temperature below 5° C. At the end of the mixing period an 
additional 18 ml of phosphate buffer was added to the homogenate. 
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In certain studies the homogenates were centrifuged at 1,000 x g for 
10 min at 0° C and the supernatant was used as an enzyme source. 

For Warburg studies a 2.0 or 3.0 ml sample of homogenate o1 
supernatant was added to the main compartment of the flask and 
0.5 ml of 0.25 M ascorbate was placed in the side arm. A small piece 
of filter paper and 0.15 ml of 20 per cent KOH were placed in the 
center well. At the end of a 15 min equilibration period, the manom- 
eters were sealed and the ascorbic acid was tipped into the main 
compartment. 

In dialysis experiments, 15 ml of homogenate was dialyzed for 18 
hr in a refrigerator (10° C) against 400 ml of a 0.05 M KH,PO, buffer 
of pH 5.85. The buffer was changed 4 and 8 hr after dialysis was 
initiated. Cellophane tubing was used as the dialy7ing membrane. 
At the end of the dialyzing period the homogenate was checked for 
the oxidation of ascorbic acid by the technique described above. 

Supernatants (1,000 «x g for 10 min) from homogenates of control 
and treated corn tissues were batch treated with Amberlite IR 120 
in order to remove any cations that might affect the oxidation of 
ascorbate. The cation exchange resin was prepared according to the 
method described by Joselow and Dawson (6). The resin was removed 
from the mixture by centrifugation (500 x g for 10 min). The super- 
natants were then checked for the oxidation of ascorbate by the 
method described above. 

In some experiments, homogenates were fractionated by various 
speeds of centrifugation. After homogenates were prepared, they 
were centrifuged for 10 min at 1,000 x g in an International refrig- 
erated centrifuge. Supernatants were collected from this step and 
placed in a Spinco model L ultracentrifuge which was run for 30 
min periods at speeds of 50,000-144,000 x g. Supernatants were 
removed at the various speeds and checked for the oxidation of 
ascorbate by the usual method. 

Paper chromatography was used to study the effect of DCMA on 
alpha amino acids. A solvent system consisting of n—butanol, acetic 
acid, and water (4:1:1;v/v/v) was used for one dimensional chroma- 
tography. When two dimensional chromatography was used, the 
second solvent system consisted of a water saturated solution of 
collidine and lutidine, (1:1 v/v). A 0.15 per cent ninhydrin—butanol 
solution was used to detect the alpha amino acids. 

A technique for column preparation described by Neher (10) was 
followed very closely. A slurry of methanol and celite (Johns- 
Manville) or methanol, celite, and activated charcoal (Darco G-60) 
was poured into a glass tube 2 cm in diameter and packed to a length 
of 16 cm. All operations were carried out at room temperature. 
Eight ml of supernatant (1,000 x g for 10 min) from corn homoge- 
nates was placed on the column. In some cases the supernatant was 
eluted from the column with phosphate buffer and in others, buffer 
followed by 10 per cent pyridine was used. Ten ml fractions were 
collected on a Reco fraction collector which was set on a volume con- 
trol basis. These fractions were evaporated (under vacuum) to dry- 
ness and then brought back to the original volume with phosphate 
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buffer. This procedure was necessary in order to remove the alcohol 
which caused difficulty in manometric techniques. The oxidation 
of ascorbate was determined in each fraction by the usual mano- 
metric technique. 


RESULTS AND DISCUSSION 


The effect of boiling and copper on the oxidation of ascorbate. 
The oxidation of ascorbate by homogenates from both control and 
treated tissues was slightly increased by boiling (Figure 1) which 
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Figure 1. The influence of boiling and copper (1 ppm) on 
the oxidation of ascorbic acid (5 days after DCMA 
treatment). 


indicated that ascorbate oxidation was not enzymatic. Consequently, 
the effect of | ppm CuSO, on the reaction was studied. Copper caused 
a slight increase in the oxidation of ascorbate in both control and 
treated homogenates, unboiled or boiled 


The effects of heavy metal inhibitors and a cation exchange 
resin on the oxidation of ascorbate. 

A series of heavy metal inhibitors were utilized to further measure 
the influence of ions on the oxidation of ascorbate. Potassium cya- 
nide, sodium diethyldithiocarbamate (dieca), 8—hydroxyquinoline, 
potassium ethylxanthate, and salicylaldoxime were all used at sev- 
eral concentrations (0.2 to 10 mM) as possible inhibitors. None of 
these materials caused any significant reduction in the oxidation of 
ascorbate. McWhorter*® found that dieca reduced the oxidation of 
ascorbate in corn tissue by only a very small amount. 

The treatment of supernatants (1,000 x g) with a cation exchange 
resin affected the oxidation of ascorbate very little. 


*McWhorter, C. G. Some effects of 3-amino-1,2,4-triazole on the respiratory 
activities of Zea mays L. (A dissertation). Louisiana State University, Pp. !-79. 
1958. 
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Copper had the same effect on the oxidation of ascorbate in super- 
natants which had not been treated with Amberlite as it did in those 
which had been treated with the cation exchange resin. At this stage 
of the investigation, it appeared that the oxidation of ascorbate by 
corn tissue was not due to an enzyme nor did it appear to be 
catalyzed by metals. 


The possibility of ascorbate as a source of electrons for the 
reduction of quinones. 

When the oxidation of ascorbate began to increase in homogenates 
from treated tissue, the plants began to show the first visible injury 
symptoms. The first sign of injury was a slight, general chlorosis of 
the leaves. The leaves then turned a yellowish color followed by a 
dark brown during the next 4 to 6 days. From this observation, it 
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was thought that ascorbate could possibly serve as a source of elec- 
trons for the reduction of quinones. This possibility was investigated 
2 and 5 days after DCMA treatment. In both cases the oxidation of 
ascorbic acid and phenol oxidase activity were additive. 


The effects of dialyzing and ashing of homogenates 
on the oxidation of ascorbate. 

The effects of dialyzing homogenates on the oxidation of ascorbate 
are illustrated in Figure 2A. The oxidation of ascorbate was reduced 
by dialysis in both control and treated tissues. Approximately twice 
as much nitrogen was lost from dialyzed treated as was lost from 
dialyzed control homogenates, thus it appeared that the treatment 
with DCMA caused a breakdown of nitrogenous compounds. 

After homogenates were ashed for two hours in a crucible over a 
Bunsen burner and brought back to the original volume with buffer, 
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Figure 3. A. The influence of centrifugation on the N 
content of various samples. B. The influence of centrifu- 
gation on the oxidation of ascorbic acid. Data are plotted 
on N content in the crude homogenate and on the N 
content in each individual sample. 
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they oxidized ascorbic acid very rapidly (Figure 2B). This oxidation 
was nonenzymatic and due to ions, probably copper, which were in 
the tissue. Proteins and amino acids, which usually inhibit a reaction 
of this nature, were destroyed. 

Fractionation by centrifugation. 

Supernatants (1,000 x g) from homogenates, which were subjected 
to various speeds of centrifugation (1,000—144,000 x g), were checked 
for the oxidation of ascorbate. The influence of centrifugation on 
nitrogen content of the various supernatants was also determined. 
In whole homogenates the nitrogen content of treated tissues was 
only 10 per cent more than in control tissue (Figure 3A). After cen- 
trifugation at 144,000 x g there was 74 per cent more nitrogen in 
treated supernatants then in control. This adds additional evidence 
to the conclusion that proteins are broken down into smaller 
components due to DCMA treatment. 

The most significant fact brought out by this experiment was that 
the oxidation of ascorbate was not appreciably influenced by cen- 
trifugation (Figure 3B). The data in this graph are plotted on the 
nitrogen content of the crude homogenate and on the nitrogen 
content of each individual sample. When plotted on a nitrogen 
basis, it is obvious that as the nitrogen content of the sample goes 
down due to centrifugation, ascorbate activity would automatically 
go up. When considering ascorbate activity on a volume basis, | ml 
of crude homogenate contained approximately the same activity as 
1 ml of any supernatant (1,000-144,000 x g). 

At this stage of the investigation there appeared to be some sub- 
stance or substances in corn tissue which were responsible for the 
oxidation of ascorbate. This was probably a low molecular weight 
compound since it moved through a dialyzing membrane and it 
remained in the supernatant after high speeds of centrifugation. 


Possible substitutes for ascorbate. 

Udenfriend (12) and Brodie (1) reported that dehydroascorbate 
would substitute for ascorbate below pH 6.5. This was checked in 
corn tissue but it did not cause oxygen uptake. 

La Du (7) reported that hydroquinone could replace ascorbate 
in vitro but not in vivo in animal tissue. This possibility was checked 
in vitro for corn tissue. The oxygen uptake which resulted from the 
addition of hydroquinone to control and treated homogenates was 
very small. Neither hydroquinone nor dehydroascorbate could 
substitute for ascorbate in homogenates of corn tissue. 


Cucumber ascorbic acid oxidase. 

Some of the techniques which had been utilized in previous studies 
were checked on ascorbic acid oxidase which was extracted from 
cucumber. Snow and Zilva (11) reported that this plant contained 
an active source of the enzyme. Cucumber extract oxidized ascorbate 
more rapidly than control and treated homogenates of corn (Figure 
4A). The effect of combinations of cucumber extract and corn homo- 
genates is illustrated in the same graph. The result of adding the two 
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Figure 4. A. The oxidation of ascorbic acid by control and 
DCMA-treated corn homogenates, cucumber extract, and 
combinations of these. B. The influence of dieca on the 
oxidation of ascorbic acid by the same systems as men 
tioned in A. 


together appeared to be additive. This experiment was performed 
to check the possibility of inhibitors of the oxidation of ascorbate 
such as those reported by Hooper and Ayres (4) and Jackson and 
Wood (5). From these data it was concluded that there was nothing 
in corn homogenates which affected the oxidation of ascorbate in 
cucumber extract and vice versa. 

In another experiment, the data were plotted on a nitrogen basis 
(Figure 4B). The activity of the enzyme from cucumber is more 
evident in this figure than in 4A which is plotted on a different basis. 
Complete inhibition of cucumber enzyme was obtained with 0.2 mM 
sodium diethyldithiocarbamate (dieca) (Figure 4B). The effect of 
dieca on the oxidation of ascorbate by corn homogenates is illus- 
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trated in the same figure. It also seemed desirable to measure the 
effect of dieca on combinations of cucumber extract and corn 
homogenates. In these combinations dieca completely inhibited the 
cucumber enzyme while the oxidation of ascorbate by corn 
homogenates was unaffected. 

Boiling completely inactivated cucumber ascorbic acid oxidase. 


Amino acids. 

Through the use of one and two dimensional paper chromatog- 
raphy, it appeared that treated tissue contained considerably more 
alanine, asparagine, and glutamine than control tissue. The Rf 
values of these compounds in a butanol-acetic acid-water solvent 
were 0.37, 0.13, and 0.17 respectively, and in a collidine—lutidine- 
water solvent they were 0.17, 0.09, and 0.13 respectively. 

The intensity of the color reaction of the amino acids with nin- 
hydrin was compared between control and treated tissues in five 
different tests. It was estimated that treated tissue contained approxi- 
mately four times as much alanine and twice as much asparagine 
and glutamine as control tissue. Treated tissue appeared to contain 
a greater content of several other amino acids but the ones men- 
tioned above were by far the predominant ones. 

The effects of alanine, asparagine, glutamine, and phenylalanine 
on the oxidation of ascorbate by control homogenates were deter- 
mined. Phenylalanine was added because it is an aromatic com- 
pound and could possibly be oxidized by hydroxylation (12). These 
amino acids had little effect at a concentration of 0.1 per cent (w/v) 
but at 0.1 M asparagine and glutamine caused considerable 
inhibition. 


Influence of iodoacetate on ascorbate oxidation. 

Since negative results were obtained with heavy metal inhibitors, 
it was decided to determine the influence of a sulfhydryl inhibitor on 
the oxidation of ascorbate. Iodoacetate, at concentrations of 0.01, 
0.05, and 0.1 M was used for this purpose. The lowest concentration 
of this inhibitor caused a slight stimulation of oxygen uptake where- 
as higher rates caused a marked reduction in oxygen uptake. The 
data from this one inhibitor indicated that the substance responsible 
for the oxidation of ascorbate contained sulfhydryl groups. 

In order to check this, reduced (GSH) and oxidized (GSSG) gluta- 
thione at 0.05 M was added to control and treated homogenates. 
Neither GSH nor GSSG caused any oxygen uptake when added to 
these homogenates. When ascorbate was added to homogenates in 
the presence of glutathione, both GSH and GSSG caused a reduction 
in oxygen uptake. It appeared if it were possible for the —SH 
groups to cause any increase in oxygen uptake it was overridden by 
the amino acid groups of the molecule which are known to cause 
inhibition of oxidation of ascorbate. 


Fractionation of supernatants by column chromatography. 


In the first experiment, eight 10 ml fractions were eluted from a 
column of celite with potassium phosphate buffer. As the fractions 
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were collected, it was noticed that numbers 4, 5, and 6 were of a 
brownish color while the remainder were clear. This was true for 
both control and treated tissues with the treated being somewhat 
darker than control. When fractions were checked for the oxidation 
of ascorbate, it was found that the ones which contained the brown- 
ish color also possessed the greatest ability to oxidize ascorbate 
(Figure 5). The wide difference in treated and control fractions was 
of the same order of magnitude as it was in crude homogenates. 

The effect of 10 mM KCN on the oxidation of ascorbate by the 
various fractions was also determined. This heavy metal complexer 
caused only a very slight inhibition of the oxidation of ascorbate in 
all fractions (Figure 5). 

Separation of the brown color from ascorbate activity was accom- 
plished by the use of a 98 per cent celite—2 per cent charcoal column. 
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Figure 5. The oxidation of ascorbic acid by fractions from 
control and DCMA treated tissue which were collected 
from a celite column. (Fractions were evaporated undet 
vacuum). Potassium cyanide was added at a concentra- 
tion of 10 mM. 
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Figure 6. Ascorbic acid oxidation by fractions from control 
and DCMA treated tissue which were collected from a 
celite (98 per cent)—charcoal (2 per cent) column. Frac- 
tions |-10 were eluted with buffer and fractions 11-20 
were eluted with 10 per cent pyridine. 


After supernatants were placed on the column, ten 10 ml fractions 
were eluted with buffer and ten additional fractions were eluted with 
a 10 per cent pyridine solution. Fractions that oxidized ascorbate 
rapidly came off the column in the third, fourth, and fifth 10 ml 
aliquots and these fractions were clear (Figure 6). The brownish 
color appeared in fractions 14 and 15 which were eluted with 10 
per cent pyridine. 

The next experiment involved the effect of CuSO, on the oxida- 
tion of ascorbate by the above fractions. Some of the results of this 
experiment are illustrated in Figure 7 which contains data from 
treated tissue only as data collected from control tissue were very 
similar. Copper catalyzed oxidation of ascorbate followed the non- 
copper catalyzed oxidation very closely in fractions 3, 4, and 5. The 
rate of oxidation of other fractions remained close to the check 
with the exception of fractions 14 and 15. It should be reemphasized 
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Figure 7. The effect of copper (1 ppm CuSO,) on the oxi 


dation of ascorbate by several fractions which were col 


lected from a 98 per cent celite—2 per cent charcoal 


column (treated tissue only). 


that fractions 14 and 15 contained a brownish color and did not 
cause any appreciable oxidation of ascorbate prior to the addition 
of copper. 

A 0.04 ml sample from each of the 20 fractions was placed on 
chromatographic paper. This was dried immediately, sprayed with 
ninhydrin and dried again. It could be seen that fractions 4, 5, 14, 
and 15 contained considerably more amino acids than any of the 
other fractions. 


SUMMARY 


Three to 4 days after corn was treated with DCMA there was a 
sudden increase in the oxidation of ascorbaie which continued to 
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rise throughout the testing period. The oxidation of ascorbate was 
slightly increased by boiling and by the addition of copper. Heavy 
metal inhibitors had little effect on the oxidation of ascorbate. Batch 
treatment of supernatants with a cation exchange resin had little or 
no effect on the oxidation of ascorbate. 

The possibility of ascorbate as a source of electrons for the reduc- 
tion of quinones proved negative. Dialysis studies indicated that 
considerably more nitrogen was lost from dialyzed treated than from 
dialyzed control homogenates. Neither dehydroascorbate nor hydro- 
quinone could substitute for ascorbate. More nitrogen was precipi- 
tated in control than in treated homogenates which were centrifuged 
at 1,000 to 144,000 x g. The same speeds of centrifugation had little 
effect on the oxidation of ascorbate. 

The oxidation of ascorbate by cucumber extract could be inhibited 
by boiling and by 0.2 mM dieca. 

The oxidation of ascorbate by corn homogenates was affected very 
little when alanine, asparagine, and glutamine were added to homog- 
enates at low concentrations, but at high concentrations (0.1M) 
glutamine and asparagine caused some inhibition. The effect of 
glutathione on the oxidation of ascorbate was the same as that 
encountered with the higher concentrations of amino acids. 

Supernatants (1,000 x g) from homogenates were fractionated by 
use of a column of celite. Some fractions, which were of a brownish 
color, oxidized ascorbate quite rapidly. The color was separated 
from ascorbate activity by passing the supernatants through a celite- 


charcoal column. Copper greatly increased the oxidation of ascorbate 
in all fractions from the celite-charcoal column except the ones 
which exhibited ascorbate activity prior to the addition of copper 
and the ones which contained the brown color. 
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Morphology and Development of Johnsongrass Plants 
from Seeds and Rhizomes' 


C. G. MCWHorTER? 


ee the rich alluvial soils of the Mississippi Delia it is not uncom- 
mon for Johnsongrass (Sorgum halepense (L.) Pers.) to spread 
over entire plantations. Eradication is not feasible, and adequate 
control in the Delta areas is accomplished only by the diligent use 
of control practices. 

Cates and Spillman (2) and Sturkie (4) reported that Johnsongrass 
produced no new rhizomes until heading or flowering whereas Ander- 
son, et al. (1) and Oyer, et al. (3) reported at least moderate rhizome 
production prior to flowering. Such differences could be due to any 
of several environmental conditions. Following the decision to inten- 
sify research on the control of Johnsongrass at the Delta Branch, 
Mississippi Experiment Station, Stoneville, Mississippi, a critical 
study of the seasonal growth of this weed was undertaken. ‘The 
morphological development of plants from seed and rhizomes was 
followed in a series of field studies. 


METHODS 


A well-drained area of Bosket sandy loam was disked and fumi- 
gated with methyl bromide in mid-April, 1959. The test area was not 
fertilized but was of high residual fertility. Johnsongrass seeds, which 
were planted on April 20, were transplanted on 4-foot intervals on 
40-inch rows on April 29, 1959. Eight- to 10-inch rhizome sections 
were collected on April 25, maintained in a warm, humid area, and 
transplanted in the same manner on April 29, 1959. 

Plant collections were made by cutting and weighing the aerial 
portions of the plants and then carefully digging the underground 
portions. Soil was removed from the rhizome-root system with a 
stream of water and a brush. The rhizomes and roots were then 
blotted, air-dried 5-10 minutes, and weighed. Because some roots 
were lost root weights reported are lower than actual. Seed stalk 
weights are included in leaf weights. 

For the clipping studies top growth was removed with scissors or a 
knife by cutting the plants approximately 14 inch above the ground 
line. All growth was weighed immediately after clipping. 


RESULTS AND DISCUSSION 


Growth of plants from seed. Eighteen days after emergence of the 
plants a rhizome spur was evident on half of the plants examined. 
After formation of this spur, rhizome growth was relatively slow 


‘Received for publication Nov. 23, 1960. 

“Plant Physiologist, Crops Research Division, Agricultural Research Service, 
U. S. Department of Agriculture, and The Delta Branch, Mississippi Agricultural 
Experiment Station, Stoneville, Mississippi. 
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Table 1. Green weights and heights of Johnsongrass plants grown at Stoneville, 


Date Days Green weight, grams Height Length 
1959 after inches rhizomes, 
emergence Leaves Rhizomes | Roots Seedhead feet 


Plants from seed 


May 2 2 3 
May 30 30 
une 3 70 30 
une > 90 100 
June 5 220 140 
June 5 590 180 
July ) 750 220 
July 1090 270 
Sept. 5050 360 
Sept. 2 8070 430 


Plants from rhizomes 
| 


May ‘ 3 3 

May 14 20 

oo 3 5% 100 40 

une 610 110 130 

—_ 1 4‘ 590 310 160 9 

une 24 50 220 160 4 

and apparently subordinate to the much more rapid top growth 
(Table 1). At an average age of 27 days after emergence seed stalks 
started to emerge from the newly formed crowns at the base of the 
plants. Growth of the seed stalks was slow for the next 12-16 days 
and 80-90 percent of the total seed-stalk growth until early bloom 
occurred during the week preceding blooming. 

Average early-bloom stage occurred 46 days after emergence. For 
7-10 days after plants began to bloom there was a temporary but 
rapid increase in the growth of both aerial and subsurface portions 
of the plants. From an age of 46 days throughout the season, plants 
were in full and continuous bloom. 

After the start of blooming rhizome production increased rapidly, 
whereas the rate of leaf growth increase decreased progressively 
throughout the season. Near the end of the growing season, 152 days 
after emergence, each plant had produced an average of 8070 g and 
212 linear feet of rhizomes. Approximately 6 inches of rhizomes was 
produced from seedling plants in May, 24 feet in June, 45 feet in 
July, 100 feet in August, and 43 feet in September. Thus after plants 
reached bloom stage they produced a minimum of approximately 
34, foot of rhizome per day up to a maximum of more than 3 feet. 

Growth of plants from rhizomes. Under normal conditions in the 
Delta of Mississippi Johnsongrass topgrowth from rhizomes often 
begins early in April. These studies were not started until early May 
to avoid unseasonably late frost damage. It should be remembered, 
however, that the dates of development mentioned are 2 to 3 weeks 
later than those of plants from normally occurring rhizomes. Under 
normal conditions plants from rhizomes would probably grow more 
rapidly than did plants from seed, particularly if they had originated 
from longer rhizomes than those used. 

Growth from rhizomes originated from axillary buds. After new 
rhizomes had reached the soil surface, crown production was evident 





560 WEEDS 


in 7-10 days. Leaf growth was relatively slow for the first 21 days 
as evidenced by the fact that only 9 g of top growth was produced 
during this period (Table 1). At this stage of growth a rhizome spur 
had originated at the base of the first plant and other shoots were 
being initiated as a result of tillering. The old rhizomes from which 
the plants originated had generally disintegrated 19-24 days after 
emergence. Examination on May 27 and June 5 showed the initial 
rhizomes to be in an advanced stage of decay, and presumably they 
served no useful physiological function. This is in contrast to the 
report of Anderson, et al. (1), which indicated that rhizomes 
remained sound until the topgrowth had matured seed. 

For approximately 2 weeks after the initiation of the first rhizome 
spur, rhizome growth was relatively slow. Thirty-three days after 
emergence, 527 grams of top growth had been produced during the 
last 14 days of the period. Generally the growth of plants from 
rhizomes was slower than that of plants from seeds. This could be 
due to the relatively late date on which the experiment was started. 
Even so, there was little difference in the growth of the plants from 
the two sources. 

In this study, the only apparent difference between Johnsongrass 
plants arising from seed and from rhizomes was the presence of a 
rhizome during the first 19-24 days of growth of the plants from 
rhizomes. This difference, while superficially slight in the overall 
life cycle of Johnsongrass, is of great importance because there is a 
reserve food supply in the rhizome available to the plant when it is 
most susceptible to death by cultivation, hoeing, or other means of 
clipping. 

Effect of clipping on Johnsongrass growth. To determine the effect 
of clipping on the growth of Johnsongrass an experiment was con- 
ducted in which plants from seed were initially clipped two weeks 
after emergence, and approximately weekly thereafter. The regrowth 
was clipped each successive week until the test was terminated on 
July 10. 

Plants which had emerged from seed 13 days earlier were killed 
by one clipping (Table 2). When seedling plants were not clipped 
until 20 days after emergence, at which time a rhizome spur had 
been initiated, they were not killed by eight successive weekly clip- 
pings. None of the later clippings resulted in death of the plant. 

Although the plants originally clipped 20 days after emergence 
produced little growth under continuous clipping, they continued 
to live with a minimum of rhizome food reserve. The rhizome spur 
of 20-day-old plants, though variable, averaged slightly less than 14 
inch. The rhizome spurs of plants clipped weekly from 20 days 
alter emergence had an average spur length of approximately 2 
inches. Apparently a slight amount of rhizome growth occurred 
even under continuous clipping. 

Plants originating from rhizomes responded to clipping in much 
the same way as seedling plants. The major exception to this was 
that two clippings were required to kill plants that had emerged 
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from rhizomes 12 days earlier. Plants not clipped until 19 days after 
emergence were not killed by eight weekly clippings. 

This study indicates the need for early-season control in order to 
realize the greatest return from the investment. The chances of 
eradication by clipping, and probably by hoeing, decrease rapidly 
after plants become 3 weeks old. Lack of control measures to prevent 
maturation of Johnsongrass plants will result in the production of 
large numbers of seeds and vast quantities of rhizomes capable of 
affecting cropping conditions. 


SUMMARY 


Growth characteristics of Johnsongrass plants from seed and rhi- 
zomes are reported. Plants from both sources initiated rhizomes at 
approximately 3 weeks of age and began to bloom at 47 days. Prior 
to blooming, leaf growth was rapid and rhizome growth slow, where- 
as after blooming rhizome growth increased very rapidly and leaf 
growth slowed considerably. Plants from seed produced 212 feet 
of rhizomes in 152 days of growth. 

Clipping top growth killed seedling plants 13 days old. Eight 
weekly clippings did not kill plants clipped first when 20 days old. 
Plants from rhizomes responded to clipping treatment similarly 
except that two weekly clippings were required to kill 12-day-old 
plants. 
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Carbohydrate Metabolism of Johnsongrass as Influenced 
by Seasonal Growth and Herbicide Treatments' 


C. G. McWuortTeErR? 


bie ome (Sorgum halepense (L.) Pers.) is a serious problem in 
many parts of the United States but little is known about the 
carbohydrate metabolism of this weed. Rapp (2) studied the seasonal 
variation of various carbohydrates in Johnsongrass grown in pots. 
These plants were placed in the greenhouse for several weeks. The 
purpose of the present investigation was to study carbohydrates in 
field-grown plants and to obtain information on the effects of herbi- 
cidal treatments on the carbohydrate balance. 


METHODS 


In 1959 Johnsongrass plants were grown from seeds and rhizomes 
as previously described (1). Plant samples collected in 1960 were 
obtained from the same experimental area. In 1959 leaves, roots, 
rhizomes, and seedheads were analyzed but only leaves and rhizomes 
were studied in 1960. Plant portions were collected, cut into 5- to 
6-inch sections, and dried at 80° C for 48 hours. Loss of moisture was 
determined for each sample and the analyses for all samples corrected 
to a 10-percent moisture basis. Samples were ground to pass a 20-mesh 
screen and thoroughly mixed prior to the weighing of a 0.2 gram 
sample. Reducing sugars were determined with a modified method 
of Somogyi using Somogyi’s copper reagent and Nelson's chromogenic 
reagent. For simplicity, reducing sugars are expressed as glucose. 
Sucrose was determined by the same method as reducing sugars 
except that invertase was added to 3-ml samples which were incu- 
bated at room temperature for | hour prior to determination. Total 
carbohydrates were determined by using the anthrone method. 
Weighed tissue was mixed with water and permitted to soak | hour 
and stirred before an aliquot was drawn off with a pipette. Thus the 
anthrone method as employed in this study did not determine carbo- 
hydrates of the insoluble cell-wall fragments but did include amylose. 
All determinations were made in duplicate. 

In one phase of the study the sodium salt of 2,2-dichloropropioni« 
acid (dalapon) was applied to a different group of four plants as a 
two percent spray to runoff at weekly intervals during 1959. All ol 
the dalapon solutions contained 0.5 percent (w/v) surfactant.* Other 
herbicidal treatments consisting of 3-(3,4—dichlorophenyl)-1,1-di- 
methylurea (diuron), ethylene glycol—bis ester of trichloroacetic acid 
(TCA, ester), dalapon, Diesel fuel, and a phytobland oil* applied on 


‘Received for publication Nov. 23, 1960. 

*Plant Physiologist, Crops Research Division, Agricultural Research Service, 
U. S. Department of Agriculture, and The Delta Branch, Mississippi Agricultural 
Experiment Station, Stoneville, Mississippi. 

*A polyoxyethylene thioether. 

*Bayol D. 
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Table 1. Glucose, sucrose, and total carbohydrate contents (dry weight per gm) 
of Johnsongrass leaves, roots, seedheads, and rhizomes at Stoneville, Miss. 








| Total 


Days Glucose Sucrose 


Date sampled after mgm /gm mgm /gm carbohydrates 


emergence megm,egm 
Leaves (1959) 


May 18 19 
May 27 33 
June 3 43 
June 15 
June 20 
June 24 
July 13 
July 24 
Sept. 11 


Roots (1959) 


May 18 18 
May 27 27 
une 3 34 
une 15 46 
une 20 51 
une 24 55 
uly 13 74 
uly 24 85 
Sept. 11 134 


Seedheads (1959) 


une 15 43 
une 20 28 
June 24 7 
July 13 
July 24 
Sept 11 





Rhizomes (1959) 


May 11 
May 18 
May 27 
June 3 
une 15 
June 20 
une 24 
uly 13 
uly 24 
Sept. 1! 


March 9 
April 13 
April 20 
May 6 

May 11 
May 19 
May 25 
June 6 

June 9 

June 14 
June 21 


uly 5 
uly 19 


May 20, 1960, with a hand pressure sprayer. A total volume of 100 
gpa was applied. 


RESULTS AND DISCUSSION 


Seasonal carbohydrate variation. The seasonal variations in carbo- 
hydrate content of Johnsongrass rhizomes for the 1959 and 1960 
growing seasons are shown in Table |. Comparison of the data 
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reveals that the general trends of sucrose, reducing sugars (glucose) 
and total carbohydrates were essentially the same in both seasons. 
Sucrose content decreased until the plants reached late boot to early 
bloom and then increased sharply for 1 to 2 weeks, then tended to 
level out. The glucose level dropped temporarily while the plants 
were approximately 2 weeks old but subsequently increased until 
plants reached late boot to early bioom. After reaching a maximum 
at early bloom glucose gradually decreased throughout the remain- 
der of the season. Generally, the concentration of total carbohydrates 
followed the glucose concentration much more closely than it did 
that of sucrose. Total carbohydrates reached a minimum approxi- 
mately 2 weeks after growth started and reached a maximum near 
early bloom. 

Carbohydrate content of leaves, roots, and seedheads of 1959 plants 
are also presented in Table |. All three components in these tissues 
followed the same seasonal variation as described for rhizomes but 
none of the components were present in as great quantities as in 
rhizomes. The total carbohydrate content of seedheads was probably 
low because these values represent carbohydrates of the entire 
seedheads, not just the seeds. 

The analyses indicated that all carbohydrates studied were present 
in greater quantities in 1960 than in 1959. This is probably due to 
fewer cloudy days in 1960 than in 1959. Several 1959 tissue samples 
were re-analyzed in 1960 and found to give readings comparable to 
those obtained in 1959. 

The carbohydrate data shown in Table | are from plants which 
were initiated by rhizomes. In addition, analyses were also made of 
plants from seed for the first 13-21 days. The data obtained from 
sucrose, glucose, and total carbohydrates analyses of leaves, rhizomes, 
roots, and seedheads were essentially the same as those presented for 
plants arising from rhizomes, except that no rhizomes were present. 

Because Rapp (2) collected plant samples every 20 to 30 days a 
direct comparison with these data is dificult. Even so the minimal 
level of sucrose and the maximal level of glucose at early bloom 
were also evident in his report. 


Table 2. Growth and control of Johnsongrass treated with 2 percent dalapon* 
in 1959. Plants emerged May 1. 


Plant height— inches Percent 
control 
At treatment »/60 5/6/60 


Days after emergence Stage of growth 
dalapon appl at treatment 


Rapid leaf growth . No growth 100 
New rhizome initiation No growth 100 
Seedstalk initiation No growth 100 
Early boot 2 2 6-8 95 
Late boot No growth 100 
Full bloom 5-7 8-18 50 
Full bloom 5-72 10-24 33 
Full bloom 5-7 Th) 
Full bloom 5-72 22 23 


Untreated 0 


*Dalapon solution was applied as a 2% (w/v) water spray to runoff and included 0.5% (w/v 
surfactant. 
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Effects of dalapon on Johnsongrass. The control obtained with 
single application of dalapon to Johnsongrass plants of nine different 
ages is shown in Table 2. This study was conducted using plants 
from both seeds and rhizomes, but since the data obtained from the 
two groups of plants were very similar, only averages of the 
composite data are presented. 

Treatment of plants of any age prior to bloom stage resulted in 
complete or nearly complete control. After the plants had begun to 
bloom the degree of control decreased appreciably. It should be 
noted that control is expressed in terms of regrowth approximately 
1 year after treatment. From a practical standpoint essentially per- 
fect control was obtained from all treatments throughout the 1959 
growing season since none of the treated plants made appreciable 
growth after the application of dalapen. 

Rhizome samples were collected from treated and untreated plants 
in this experiment on September 11, 1959, and May 6, 1960. Carbo- 
hydrate contents of rhizomes on these dates are presented in Table 3. 


Table 3. Carbohydrates in rhizomes of Johnsongrass plants at time of dalapon 
treatment and on two dates following treatment.* 





Days afer Carbohydrates mgm /gm 


emergence | 
dalapon | When treated | Sept. 11, 1959 May 6, 1960 


appl. | | 
| Gluc Suer. | Tot carb.| Gluc Sucr. | Tot. carb.| Gluc Sucr Tot. carb 


21 56 403 Dead Dead 
4 | 29 126 | Dead Dead 
355 | x 276 Dead Dead 
78 | 0 370 | 5 
132 | 0 | 484 | 26 324 
165 | 20 | 502 | 321 
94 ) | 400 2 306 
110 | 30 2 232 22 70 
; 110 20 348 213 49 
Untreated | 420 25 





*Dalapon solution was applied as a 2% (w/v) water spray to runoff and included 
surfactant. 
The older the plants at time of treatment, the lower the total carbo- 
hydrate contents were at both dates of sampling. In all cases, how- 
ever, treated plants had less total carbohydrates then untreated. 
Treatment with dalapon caused metabolic reactions to favor sucrose 
production at the expense of glucose. On both dates of sampling, less 
glucose was present than in the untreated plants whereas sucrose was 
considerably more than in check plants. Analyses of samples taken 
in 1960 indicated that the rhizomes of plants treated in early 1959 
contained more glucose than plants treated in mid-summer. This 
may have some unknown significance since these rhizomes initiated 
little or no growth in 1960. Apparently in inducing dormancy the 
herbicide caused the rhizomes to shift the metabolically active glu- 
cose to sucrose, a storage sugar. In most of the untreated tissue 
studied glucose usually predominated over sucrose whereas Rapp 
(2) found sucrose to predominate after the start of blooming. 

Effects of various other herbicides on Johnsongrass. The herbicides 
listed in Table 4 were applied to Johnsongrass in early bloom when 
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Table 4. Effect of foliar applications of various herbicides to Johnsongrass on 
May 20, 1960, on the carbohydrate content of Johnsongrass rhizomes. 








Carbohydrates, mgm/gm dry wt. 
Herbicide ; 
and 2 - 
ne 17, 1960 8. 1960 
rate Ib/A*® June July 1966 


| 
' | 
Glue Sucr. | Tot carb. | Gluc | Sucr Tot. carb 
| | 
Dalapon, 8 44 146 | 498 | 196 | 22 562 
Dalapon, 16 48 | 148 559 | 77 | #101 634 
TCA ester, 8 84 | 56 | 498 | 123 30 543 
TCA ester, 16 46 | 132 496 73 | 0 426 
Diuron, 1 125 25 491 | 197 | 54 606 
Diuron, 4 60 | 102 | 441 76 | 106 552 
Bayol D, 100 gpa | 71 67 483 210 | 45 559 
Diesel fuel, 100 gpa 117 65 443 137 50 476 
None. 126 58 | 418 120 | 66 487 





*Dalapon and diuron water solutions contained 0.5% (w/v) surfactant. TCA ester applied in a 
phytobland oil 


glucose was maximal. The treatments that provided the best control 
caused a general reduction of glucose with a corresponding increase 
in sucrose content. An exception was the 8 Ib/A rate of TCA ester 
which provided adequate early-season control but did not cause an 
increase in sucrose content. Diesel fuel also gave adequate early 
season control without causing an appreciable change in carbo- 
hydrates, but presumably its effect was probably much the same as 
that of clipping. Throughout this experiment some degree of herbi- 
cide translocation, as indicated by subsequent growth inhibition, was 
required to effect a change in carbohydrate composition of the plants. 

All treatments caused an increase in total carbohydrates in rhi- 
zome samples collected on June 17. This was also true approximately 
1 month later except that rhizomes from plants treated with TCA 
ester at the high rate were low in carbohydrates. These rhizomes 
however, were in an advanced state of decay and essentially dead. 
These rhizomes contained no detectable sucrose. 

As the effect of dalapon and TCA ester diminished with time 
(8 Ib/A dalapon, 8 Ib/A TCA ester) the glucose and sucrose contents 
reverted to nearly normal levels. Total carbohydrate content did not 
necessarily decrease. Generally if the effect did not decrease with 
time, as indicated by the data in Table 4, the abnormal glucose- 
sucrose relationship persisted. 

Of interest is the effect of the phytobland oil on carbohydrates of 
Johnsongrass. This is a relatively non-phytotoxic oil, as indicated by 
the lack of injury at 100 gpa (Table 4). This material was used as the 
diluent for TCA ester. Even though it had little detectable effect on 
the growth of Johnsongrass, it did affect glucose content. Approxi- 
mately a month after application of the oil, glucose was considerably 
lower than that of untreated plants. Two months after application 
glucose was greatly increased over that of untreated plants. Any 
effect that this oil had on sucrose content was small. 

Although it is not presently known whether the fluctuation in car- 
bohydrate content is a direct or an indirect effect of herbicidal treat- 
ment, the seasonal variation data presented in Table | demonstrate 
the physiological variability of Johnsongrass plants within a season. 
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That Johnsongrass food reserves rapidly change with time, both 
quantitatively and qualitatively, may afford an explanation of the 
erratic results often obtained from treatments within a season or 
between locations. 


SUMMARY 


The carbohydrate content of untreated Johnsongrass plants was 
followed during the 1959 and 1960 growing seasons at Stoneville, 
Mississippi. Sucrose content decreased until the plants reached late- 
boot to early-bloom stage, then increased sharply for | to 2 weeks 
and tended to level out. The glucose level dropped temporarily while 
the plants were approximately 2 weeks old but progressively increased 
until plants reached late boot to early bloom stage. After reaching a 
maximum at early bloom glucose gradually decreased. Generally, 
total carbohydrate followed the glucose concentration and reached a 
minimum near the early bloom stage. 

Treatment of plants with the sodium salt of 2,2-dichloropropionic 
acid (dalapon) at any age prior to full bloom resulted in complete 
or nearly complete control. The control obtained with dalapon 
decreased sharply if application was made after the plants had 
reached full bloom. Treatment with dalapon caused metabolic 
reactions to favor sucrose production at the expense of glucose. This 
was also true for other herbicidal treatments that provided adequate 
control but the abnormal glucose-sucrose relationship reverted to 
normal as the herbicidal effects diminished with time. 
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Effects of Water Evaporation, Temperature and Rates of 
Application on the Retention of Ethyl-N,N-di-n- 
propylthiolcarbamate in Various Soils' 


S. C. FANG, PATRiIcIA THEISEN and V. H. Freep? 


en behavior of highly volatile pre-emergence herbicides in soil 
and their relative availability to plants under various conditions 
is poorly understood and pertinent information is much sought after 
by workers in chemical weed control. Ashton and Sheets (1) reported 
an inverse relationship between injury to oats and soil adsorption 
of ethyl-N,N-di-n-propylthiolcarbamate (EPTC) in various soil 
types. Later, Sheets (2) demonstrated a close relation between the 
initial toxicity of EPTC and soil types. EPTC was inactivated about 
one-third as rapidly in an autoclaved soil as in a corresponding 
unautoclaved one, from which he suggested that microbial break- 
down may be a major pathway of EPTC inactivation when the chem- 
ical is incorporated in the soil. 

As part of a general effort to learn more about the usage of EPTC 
as a selective herbicide, the following studies were carried out using 
sulfur® labeled EPTC: (1) effects of soil properties and storage tem- 
perature on persistence of EPTC in dry soil; (2) effects of soil prop- 
erties and water evaporation in relation to the loss of EPTC from 
wet soil; and (3) loss of EPTC from soil as a function of drying and 
concentration of EPTC. 


MATERIALS AND METHODS 


The soils used in this experiment were collected from surface 
horizons in Oregon and Washington, and pH, organic matter, silt, 
and clay were determined by the methods of soil analysis used in the 
soil testing laboratory of Oregon State University. 

Persistence of EPTC in various soil types in the dry state. 

Eight soils were used in this study. To 100 gm air-dry soil sample, 
1 mg of radioactive sulfur labeled EPTC (.81 mc/mM) dissolved in a 
very small amount of alcohol was added and the soil was thoroughly 
mixed in a tumbling mixer for one hour. One gram samples of all 
EPTC-S*® treated soils were weighed in stainless steel cupped 
planchets and the initial radioactivity was measured by means of a 
“Tracerlab Superscaler” with a thin mica window G—M tube (1.8 
mg/cm*). Triplicate samples from each soil were analyzed. After 
measuring the initial radioactivity, one set of the | gram samples in 
the planchet was stored in the open at 35° C, the second set at 23 
to 25° C and the third set at 0 to 3° C. The radioactivity of all sam- 


*Received for ~ablication Dec. 3, 1960. This work was supported in part by 
the Stauffer Chemical Company. Technical Paper No. 1365, Oregon Agricultural 
Experiment Station. 

*Associate Professor, Chemist I, and Professor, Department of Agricultural 
Chemistry, Oregon State University, Corvallis, Oregon, respectively. 
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ples was again measured without disturbing the soil surface at various 
time intervals to determine the retention for EPTC-S* in dry soils. 
All radioactivity measurements were corrected for the half-life of S**. 


Loss of EPTC-S** during drying of moist soil as affected by soil type. 

One gram samples of each soil containing 10 ppm of EPTC-S*® 
used in the previous experiment were weighed in cupped planchets 
and their initial radioactivity was counted. Water, sufficient to bring 
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Figure 1. Effect of temperature on the behavior of EPTC-S® in dry soil as indi 
cated by the change of radioactivity of EP TC-S®* treated soil. Each value is 
average of eight soils. 

Figure 2. Effect of soil properties on the behavior of EPTC from dry soil as indi 
cated by the change of radioactivity of EPTC-S®* treated soil. Average values 
of soil stored at 25° and 35° C. 

Figure 3. Loss of EPTC-S* from drying of wet soil at 25° C as affected by the soil 

composition and the amount of water added to soil 

Figure 4. Loss of EP TC-S®* from drying of wet soil as related to the amount of 

organic matter and clay in soil. 
-——+ 33% moisture, Y = 76.38—.7131 X, r = .931 
o---o 50% moisture, Y = 88.11—.8557 X, r 947 
A- + -A 60% moisture, Y = 92.37—.7274 X, r = 905 
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the samples to 33%, 50% or 60% of moisture (0.5, 1.0 and 1.5 ml 
respectively), was then added to each planchet and the moist 
EPTC-S*® treated soil was allowed to dry at room temperature. 
After drying, each sample was pulverized and mixed individually. 
The radioactivity of each sample was measured again to determine 
how much EPTC-S*® remained in the soil. 

Loss of EPTC-S** during drying of moist soil containing various 
amounts of EPTC-S**, 

Four soils (Newberg sandy loam, Chahalis loam, Klamath loamy 
sand, and peat) were used in this study. Amounts of EPTC-S* neces- 
sary to give concentrations of 10 to 100 ppm in ethanol solution 
were added to samples of these soils and mixed thoroughly. One 
gram samples of each mixture were weighed and their initial radio- 
activity was determined as described previously. Sufhicient water was 
then added to each planchet and allowed to dry at room tempera- 
ture. After thorough mixing of soil sample in each planchet the 
radioactivity was again determined to estimate the loss of EPTC-S® 
under such conditions. 


RESULTS AND DISCUSSION 


Persistence of EPTC-S** in dry soils. 

Results indicated that at 10 ppm concentration there was very 
little loss of EPTC-—S® in dry soils after they had been stored in the 
open for 42 days. At 0-3° C, the average radioactivity of all soils 


remained practically unchanged from the original activity. This 
probably indicates that there was very little vaporization and move- 
ment of EPTC-S® at low temperature. There was no accumulation 
of this chemical at the soil surface as the radioactivity of the soil 
samples remained quite constant throughout this period. When the 
soils were stored at 25° and 35° C, it was found that the average 
radioactivity dropped slightly in the first few days and then increased 


Table 1. Composition of soils and its effect on the loss of EP TC-S® applied at 10 
ppm, during the evaporation of various amounts of soil water from wet soil 


Percent loss of EPTC 
Percent of during drying of soil 
pH | containing 
| Organic | 


| matter Silt Clay 33% 50% 60% 
water | water | wate 


Light texture 
Loamy sand from Klamath* 
Ritzville very fine sandy loam 
Newberg sandy loam 


78 


6 
82 


Heavy texture 
Chehalis loam 
Loam from Eastern Oregon* 
Willamette silty clay loam | 61 
Melbourne clay 43 


53 


Peat 


*Soil series unknown 
bAverage of triplicate determinations. 
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gradually with time. The characteristic radioactivity curves are 
shown in Figure 1. These results suggested that there was some 
upward movement of EPTC-S*® from the lower soil layer thus 
resulting in some accumulation of EPTC-S® at the soil surface. 
After 42 days, the average radioactivity of soils stored either at 25° 
or at 35° did not show any difference. The curves shown in Figure 2 
represented the average radioactivity from soil stored at 25° and 
35° C. It may be interpreted that the upward movement of EPTC-S* 
in dry soil is slightly greater in light texture soils than in heavy soils. 
Its movement in peat was rather small. This pattern of behavior is 
consonant with the difference in physical properties of these soils. 


Loss of EPTC-S** during drying of moist soil as affected by the 
amount of water and soil composition. 

The average value of triplicate determinations for loss of 
EPTC-S*® is shown in Table | which indicated clearly that the loss 
of EPTC-S® from drying of a moist soil was related to the amount 
of water being vaporized and also to the properties of the soil in 
which EPTC-S* was mixed. Data obtained by this technique showed 
only the amount of EPTC-S* loss after complete drying of soil, but 
it did not provide any information regarding the loss of EPTC from 
moist soil which was partially dried. All calculations were based on 
the amount of EPTC-—S*® added to the soil and no-correction was 
made for losses which might arise from microbiologigal inactivation. 
The loss of EPTC-S* by evaporation was greatest in light texture 
soils (Klamath, Ritzville and Newberg), less in heavy soils (Willa- 
mette, Melbourne, Chehalis and loam from Eastern Oregon) and 
least in peat. More evaporation of water from soil resulted in a great- 
er loss of EPTC in all soils examined. A linear relationship between 
the amount of EPTC loss and the evaporation of soil moisture is 
shown in Figure 3. An examination of the data in Table | reveals the 
existence of a close relationship between the loss of EPTC and the 
amount of organic matter, clay content or the summation of both. 
The relationship between the summation of organic matter and clay 
content and the loss of EPTC from evaporation of a given amount of 
water was plotted in Figure 4. The correlations between EPTC loss 
and content of organic matter were .84, .82, and .92, and between 
EPTC loss and clay content were .77, .85, and .81, respectively, for 
33, 50 and 60% of moisture. It is evident that under dry conditions 
EPTC is strongly adsorbed by soil particles. Under moist condition 
EPTC vaporizes from soil together with the soil water. In a given 
soil the loss of EPTC from soil is directly related to the amount of 
water vaporized. Such loss also depends upon the soil properties. The 
higher the contents of organic matter and clay material, the smaller 
EPTC loss due to evaporation of soil water. It is reasonable to assume 
that such difference is due to the difference of surface energy in 
different types of soil. In a heterogeneous system such a soil-water- 
chemical, solution into the water phase, adsorption by the soil 
particles and other physical processes all are contributing factors to 
the amount of EPTC loss. In the use of EPTC as a pre-emergence 
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herbicide the following behaviors, therefore, would be expected. In 
heavy soils high in organic matter and clay content EPTC residue 
would remain longer and also would be somewhat less effective pri- 
marily due to a greater adsorption energy. Higher dosages may be 
required. In light texture soils the chemical will be lost more readily 
from evaporation, however, more immediate effects of EPTC on 
plants may be expected. 


Loss of EPTC-S** during drying of moist soil containing various 
amounts of EPTC-S**. 

The effects of different amounts of EPTC application on the 
evaporation of this herbicide when a fixed amount of water was 
allowed to dry were measured for four of the eight soils. It can be 
seen from the data in Table 2 that the general trends of percent loss 


Table 2. Loss of EPTC-S® from wet soils during the evaporation of 35% water 
at room temperature. 


Initial EPTC-S® Percent EPTC-S® lost from 


concentration 
ppm Newberg Chehalis Klamath 


sandy loam* loam? loamy sand* 


10 AN 65 
20 52 62 
wo 54 65 
40 58 68 
50 

60 58 
70 

80 55 
90 

100 53 
Average 


79 


*Results obtained from single determinations 
>bAverage of triplicate determinations 
eAverage of duplicate determinations 


on each soil remained quite constant with all rates of EPTC appli- 
cation. Again, the loss of EPTC due to evaporation of a given 
amount of water was greatest in light texture soils (Newberg 78%, 
Klamath 68%), less in Chehalis loam (54%) and least in peat (12%). 
In terms of absolute amount, evaporation of a given amount of wate 
from soil would give a highest loss of this chemical with the highest 
rate of application. This would also suggest that if evaporation of 
soil moisture remained constant among soils with different textures, 
the retention of EPTC in soil would be highest in organic soils, next 
in heavy clay soils and last in sandy soils. In considering the vapor 
loss of EPTC from soil, the results indicate that this loss obeys a first 
order law, and is generally in agreement with the adsorption phe- 
nomena of chemical in the soil system. 


SUMMARY 


A study of the amount of EPTC loss from dry and wet soils reveals 
that this herbicide is very persistent in dry soil. The evidence sug 
gests that the persistence is due to the ability of soil particles to 
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adsorb this chemical. The loss of applied EPTC-S* in wet soil dur- 
ing drying was affected by the soil properties and the amount of 
moisture. Both organic matter and clay are important factors in the 
retention of EPTC in wet soil. Statistically significant correlations 
existed between loss of EPTC by evaporation of soil moisture and 
the amount of organic matter, clay, or both. 
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Effect of Monuron on C'Q» Fixation by Red Kidney 
Bean Leaves’ 


FLoyp M. Asutron, Ernest G. Urise, and GuNTER Zweic? 


ONURON |3—(p-chloropheny!)—1,1—dimethylurea] is reported to 
be a potent inhibitor of the Hill reaction by Cooke (5) and 
Wessels and van der Veen (9). It is reported to be 125 times as active 
as phenylurethan |ethyl-N—phenylcarbamate] in inhibiting the Hill 
reaction (9). Diuron [3-(3,4-dichloropheny!)—1,1—dimethylurea|_ is 
2500 times as active as phenylurethan as a Hill reaction inhibitor (9). 
Monuron and diuron have been used in photosynthetic studies. 
There are no reports in the literature indicating a difference in the 
mode of action of these compounds. 

Bishop (3), using diuron, and Jagendorf (6), using monuron, 
reported that these compounds inhibit photosynthetic phosphoryla- 
tion. In the presence of phenazine methosulfate, monuron was not a 
potent inhibitor of photosynthetic phosphorylation (6). The inter- 
pretation was that phenazine methosulfate is unique only in that it 
has it own path for reoxidation. Jagendorf (6) postulated that mon- 
uron inhibits the Hill reaction and photosynthetic phosphorylation 
in the first of at least two steps between an unknown oxygen acceptor 
and oxygen evolution. 

Jagendorf and Morgulies (7) reported that ascorbate and phena- 
zine methosulfate form a complex that restores triphosphopyridine 
nucleotide (TPN) photoreduction in the presence of monuron. Ver- 
non and Faugg (8) showed that ascorbate plus 2,6-dichlorophenol- 
indophenol restores TPN photoreduction in the presence of diuron. 

Ihe studies reported here investigated the effect of monuron on 
photosynthetic CO, fixation in the leaves of plants previously 
treated with monuron. 


MATERIAL AND METHODS 


The methods used resemble those reported in studies with certain 
triazine derivatives (1). The studies conducted were of two types: 
1) a time-course study on the rate of C'O,-fixation after various time 
periods with various concentrations of monuron; 2) a study of the 
effect of monuron on the distribution of C'* compounds following 
CO, fixation in the light and dark. 

Five seeds of red kidney bean, Phaseolus vulgaris L., were planted 
in sponge-rock in a wide-mouth Mason jar. The seeds were allowed 
to imbibe water for four hours by filling the jars with double-strength 
Hoagland’s solution. The plants were irrigated with this culture solu- 
tion once a day until emergence and twice a day after emergence 
through a siphon arrangement in which the jars were connected with 
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rubber tubing to 500 ml erlenmeyer flasks. The culture solution was 
made up to volume once a day to replace the water lost by transpi- 
ration and evaporation. On the seventh day the plants were thinned 
to two uniform plants per jar. Ten-day-old plants were used in all 
of the experiments. 

The plants were continuously illuminated by a bank of fluorescent 
and tungsten lamps. The light intensity was 1250 foot-candles at the 
level of the primary leaves. 

Time-course study. The culture solution was drained from the jars 
on the tenth day after planting and replaced with fresh double 
strength Hoagland’s solution containing the specified amount of 
monuron. The raonuron concentrations were 0, 0.1, 1, and 10 ppm. 
The actual concentration added was one-third higher than these 
values since one-third of the original culture solution was retained 
by the sponge-rock after draining. The culture sclution retained by 
the sponge-rock was mixed with the monuron-culture solution by 
repeated filling and draining of the jars. One primary leaf from each 
of the monuron concentrations was harvested 2, 4, 8, 16, and 24 
hours after the monuron treatment. The leaves were harvested by 
excising with a sharp razor blade at the base of the petiole while 
the petiole was being held under distilled water. Each leaf was then 
transferred to a 4-dram vial containing 5 ml of distilled water, keep- 
ing the cut end of the petiole under water at all times. The leaf area 
was determined by tracing the leaf on paper, cutting out the area, 
and weighing the paper. 

The rate of C'*O,-fixation was determined immediately after excis- 
ing the leaves and tracing their outline on paper. One leaf from each 
monuron concentration and a leaf from an untreated plant were 
transferred to a photosynthetic chamber. The chamber was con- 
structed from clear plastic and had a water filter on each side to 
absorb the heat from the light sources. There were two light sources, 
each with four 15-watt daylight fluorescent lamps. One light source 
was placed on each side of the photosynthetic chamber. The light 
intensity from each side was 1100 foot candles at the leaf surface. 

Atmospheric air was passed through the photosynthetic chambe1 
containing the leaves for 30 minutes under full light intensity. The 
chamber was sealed, and about 250 we of CO, was generated by 
the addition of an excess of 10 per cent lactic acid to about 8.0 mg of 
BaC™O, (specific activity 31.9 we/mg). 

The gas was circulated through the closed system with a dia- 
phragm type pump. A manifold permitted the simultaneous exposure 
of all leaves to the same amount of C'™“O,. The leaves were removed 
from the chamber and dropped into about 100 ml of boiling 80 per 
cent ethanol one hour after an addition of the C'*O,. The leaves and 
the alcoholic solution were quantitatively transferred to a Waring 
blender and homogenized. The homogenate was quantitatively fil- 
tered, washed with 80 per cent ethanol, and made up to 250 ml with 
80 per cent ethanol in a volumetric flask. One ml portions were 
placed in cupped planchets, dried, and counted with a thin-end 
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window counter. The radioactivity was corrected to counts per min- 
ute per 100 cm? leaf area, and the values obtained from the treated 
leaves were compared with those of the control. The data are pre- 
sented as relative rates of photosynthesis compared with the control. 

Distribution of C14 compounds following light and dark C40, 
fixation. The techniques used in this study for the culture of the 
plants and the exposure to CO, were very similar to those used in 
the time-course study. The amount of BaC'O, (specific activity 127 
uc per gm) was 22.1 mg or 2.81 millicuries for the monuron treated 
leaves and 2.21 mg of BaC'*O, plus 19.89 mg of BaC!*O, for the 
untreated leaves. The exposure time of the leaves to CO, was 25 
minutes. This was the length of time required for four untreated 
leaves to reduce the CO, concentration in the chamber to 0.01 per 
cent as determined with a infrared—CO, analyzer. At this CO, con- 
centration photosynthesis was still proceeding at a steady rate. 

The monuron concentration in the culture solution for these 
studies, was 10 ppm, and monuron exposure times were 0), 8, 24, 48, 
and 72 hours. All four leaves in the photosynthetic chamber during 
any one run were from plants of the same monuron exposure time. 

The leaves were dropped into boiling 80 per cent ethanol after 
the CO, exposure time, blended, and filtered as previously de- 
scribed. The alcoholic extracts were concentrated under reduced 
pressure at 40° C to about 10 ml and aliquots of these solutions were 
subjected to two-dimensional paper chromatography by the tech- 
nique of Benson et al. (2). The developed chromatograms were 
exposed for two weeks to Royal-Blue X-ray film. The radioactive 
spots were cut out of the chromatograms and eluted into cupped 
planchets with distilled water containing 0.05 per cent Tween 29. 
The eluates were dried and counted with a thin-end window coun- 
ter. The radioactive spots were identified by conventional methods 
of co-chromatography (4). 

When the amount of sucrose is relatively high, sucrose and aspar- 
agine are not separated by the butanol—propionic acid—water and 
phenol—water systems of Benson et al. (2). However these two com- 
pounds were separated by a butanol—pyridine—water system (4). 

The techniques used in the dark C'O,-fixation study were identi- 
cal to those in the previous jus’ described except that after a 24 hour 
monuron uptake period in the light, the plants were transferred to 
complete darkness for 48 hours. The leaves were then excised 
exposed to C'*O,, and placed in boiling ethanol; all of these manipu- 
lations were performed in complete darkness. 


RESULTS AND DISCUSSION 


The rate of C™O, fixation was not affected with a monuron con- 
centration of 0.1 ppm at even the longest exposure time, 24 hours 
(Table 1). At | ppm of monuron, CO, fixation was markedly 
inhibited at all exposure times except the shortest, 2 hours. At 10 
ppm of monuron, C1O, fixation was almost completely blocked at all 
exposure times. This not only demonstrated the effectiveness of 
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Relative rates of CO, fixation of leaves from red kidney bean plants 
treated with monuron. 


Table 1 


Relative per cent of COr fixed after treatment with 


monuron, ppm 


Hours exposure to monuron 
0.1 ’ 


106.0 
122 68.4 


95 30.5 
125.5 41.3 
31.0 


monuron as a potent inhibitor of photosynthetic C'O, fixation but 
also showed the great rapidity with which it moved from the culture 
solution via the roots, stem, and petiole to the site of action in the 


leaf. 


Table 2 


. Distribution of C“ compounds following C“O, fixation in the light 


Per cent of total radioactivity following treatment with 
10 ppm monuron, hours 


Compound 
8 48 


Sucrose 
Asparagine 
Glycine 
Serine 

Alanine 
Aspartic acid 
Glutamic acid 
Glyceric acid 
Malic acid 


Glycolic acid 


Table 2 summarizes the relative distribution of C'* compounds 
following light CO, fixation. The data are expressed as per cent 
of total alcohol-soluble radioactivity. Sucrose synthesis was greatly 
inhibited after 24 hours of treatment and blocked almost completely 


at 48 and 72 hours. Glycine and glycolic acid disappeared completely 


Table 3. Distribution of C* compounds following CO, fixation in the dark 


Per cent of total radioactivity following 
treatment with 10 ppm monuron, hours 


Compound 
7? 


0 2 
(24 light, 48 dark 


Sucrose 
Asparagine 
Glycine 
Serine 
Alanine 
Aspartic acid 
Glutamic acid 
Glyceric acid 
Malic acid 
Glycolic acid 
Citric acid 


Others 
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as the monuron treatment time increased. As the relative amounts 
of these three compounds (sucrose, glycine, and glycolic acid) 
decreased with time, aspartic acid, glutamic acid, and _ serine 
increased. Asparagine, alanine, glyceric acid, and malic acid were 
not affected by the monuron treatment. 

Table 3 summarizes the relative distribution of C'* compounds 
following dark C'O, fixation. The data are expressed as per cent 
of total alcohol-soluble radioactivity. Monuron does not appear to 
effect the pattern of dark fixation of C'O,. Comparing the data 
from Table 2 and Table 3, it is apparent that the pattern of C' 
compounds from the monuron treated (48 and 72 hours) plants in 
the light is almost identical to the dark fixation pattern. Therefore, 
monuron appears to block photosynthetic C'O, fixation but does 
not affect dark CO, fixation. 


SUMMARY 


Time-course studies were conducted on the effect of monuron on 
CO, fixation. CO, fixation was reduced to 6.5 per cent 2 hours 
after a solution containing 10 ppm of monuron was applied to the 
roots of the intact plants. Lower concentrations were less effective in 
inhibiting photosynthesis but longer onpenee times produced 
greater inhibition. 

A study of the distribution of C' compounds following CO, 
exposure in light and dark, of leaves from monuron-treated plants 
demonstrated that monuron almost completely blocked the pathway 
of photosynthetic CO, fixation but did not affect the dark CO, 
fixation pathway. 
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Non-enzymatic Detoxification of 2—Chloro—4,6—-bis 
(ethylamino)—s—triazine (simazine) by Extracts 
of Zea mays' 


PAUL CASTELFRANCO, CHESTER L. Foy and Desoran B. DeutscH? 


INTRODUCTION 


2-chloro—4,6—bis(ethylamino)—s—triazine (simazine) is a highly se- 
lective herbicide. Corn (Zea mays) is very resistant to the toxic action 
of this compound while wheat, (Triticum spp) and oats (Avena spp) 
are susceptible. 

Willy Roth (7) showed that the pressed sap from corn seedlings 
could alter simazine, while the sap from wheat seedlings could not. 
Roth's system was thermolabile. Montgomery and Freed (6) have sug- 
gested that the 2-hydroxy derivatives are intermediates in the 
degradation of 2—chloro—s—triazines. 

Using an isotopic assay we have partially purified the system which 
is found in corn sap. The properties of this system are such that it 
cannot be regarded as enzymic. Further evidence has been obtained 
that the product of this detoxification reaction is the 2—hydroxy 
analogue. 

MATERIALS AND METHODS 


Simazine-2,4,6—C™ specific activity 1.1 wc per umole,® was checked 
for isotope purity by means of reversed phase chromatography, auto- 
radiography, elution of the radioactive areas, and counting with a 
Tracerlab thin window G. M. counter. The major spot (Rf 0.55) 
contained 90-95% of the radioactivity. The compound was used 
without further purification. Technical simazine (98% pure) and 
hydroxysimazine (2—hydroxy—4,6—bis(ethylamino)-s—triazine) were 
used without further purification. Decolorizing charcoal Norite A, 
was washed repeatedly with 30% aqueous acetic acid, 5% ethanolic 
hydrochloric acid and 95% ethanol. The test species were field corn 
(Zea mays, a commercial hybrid) and oats (Avena sativa, variety 
Kanota). 

Synthesis of hydroxysimazine—2,4,6—C''. A solution of 0.09 mg of 
simazine—C™ in 0.1 ml of 95% ethanol was placed in a conical 
centrifuge tube and evaporated to dryness in a stream of nitrogen. 
0.1 ml of chloroform and 0.1 ml of concentrated hydrochloric acid 
were added and the tube was allowed to stand at room temperature 


‘Received for publication Dec. 15, 1960. This work was supported in part by 
research grants from The United States Public Health Service, RG 6757 (A), and 
the Geigy Chemical Corporation, Yonkers, New York. 

*Assistant Botanists and Laboratory Technician, Department of Botany, Uni 
versity of California, Davis. 

°C“ ring-labeled 2-chloro—4,6—bis(ethylamino)-—s—triazine was synthesized by 
New England Nuclear, Boston, Mass. All labeled and unlabeled triazine com 
pounds were gratuitously supplied by the Geigy Chemical Corporation, Yonkers 
New York. 
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for 45 minutes with frequent shaking. The chloroform was removed 
by placing the tube in a beaker of warm water and gassing with a 
stream of nitrogen. After the chloroform had been removed, the tube 
was placed in a vacuum desiccator over potassium hydroxide and 
phosphorus pentoxide until thoroughly dry. The contents were 
dissolved in 0.1 ml of 30% acetic acid. 

Ascending chromatography employed Whatman No. | paper and 
the following solvents: (1) isopropanol, 180 ml; 20% ammonium 
acetate, 20 ml; glacial acetic acid, | ml; (2) isopropanol, 80 ml; con- 
centrated ammonium hydroxide, 10 ml; water, 10 ml; (3) n—butanol, 
100 ml; glacial acetic acid, 25 ml; water, 25 ml. 

Descending chromatography employed strips of Whatman No. | 
paper soaked in kerosene. The paper was hung in a well ventilated 
hood for 2 hours. It was then spotted and developed descendingly 
with 30% acetic acid.* Autoradiographs were prepared from paper 
chromatograms by the conventional technique. 

The assay for the conversion of simazine—C™ to an unknown 
derivative was carried out as follows, except as otherwise indicated. 
1 ml of plant extract was mixed with 0.01 4 mole of simazine-C™ 
dissolved in 2-5 ul of 95% ethanol or methy! cellosolve. The mixture 
was shaken in a conical, 12 ml, glass centrifuge tube for 2 hours at 
25° C. The mixture was then washed once with 5 ml of chloroform 
and twice with 5 ml of ether. The dissolved ether was removed by 
warming gently in a beaker of warm water and shaking. 0.3 ml of 
1.2 M perchloric acid and 1.0 ml of 0.3 M perchloric acid were then 
added and the mixture centrifuged. The supernatant was decanted 
into a test tube containing 5 mg of acid-washed charcoal and the 
pellet was extracted with | ml of 0.3 M perchloric acid, centrifuged 
and the second supernatant was added to the previous one. The 
combined supernatants were allowed to stand for 20 minutes at room 
temperature with frequent shaking. 

The charcoal was then collected by filtering through glass fiber 
filter paper in a Tracerlab Precipitation Apparatus Model E-8B, and 
was washed twice with | ml of water. The filter paper was air dried 
while being held securely on a metal disk by a ring, in order to 
avoid warping of the filter. The filter was then placed in a planchet 
and counted. The readings were appropriately corrected for self 
absorption. 

All spectrophotometric measurements were carried out in a Beck- 
man D.U. spectrophotometer. 


Preparation of plant extracts. 

Corn and oats seedlings were grown in flats in the greenhouse and 
harvested at seven or eight days of age. The seedlings were cut at the 
soil line and the aerial portion was chopped with scissors and quick 
frozen in a mortar packed with dry ice. The material was ground to 
a coarse powder and placed in an ice cold press die lined with two 


‘Yamaguchi, S. and Castelfranco, P., Unpublished, Department of Botany, 
University of California, Davis 
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layers of cheese cloth. The material was then pressed in a Carve 
laboratory press, Model B at 5° C. Pressure was applied slowly, up to 
22,000 Ib load. The pressed juice was subjected to various manipu- 
lations as described in the section on “Results.” 


RESULTS 


In order to design a satisfactory assay, it was necessary to study 
the physical properties of hydroxysimazine. Preliminary experiments 
were carried out with the unlabeled material. This compound is 
readily soluble in aqueous acids and alkali but sparingly soluble in 
water. The solubility of the un-ionized compound in water and 
ethanol is of the order of magnitude of 10 milligrams per liter, by 
spectrophotometry. Hydroxysimazine is negligibly soluble in the 
following solvents: n-butanol, methyl ethyl ketone, ethyl acetate, 
ether, chloroform, benzene, toluene, carbon tetrachloride, petroleum 
ether. Saturated solutions of hydroxysimazine showed no increase 
in ultraviolet absorption over the pure solvents. On the other hand 
simazine, the chlorine containing analogue, is soluble in chloroform 
and in the above oxygenated solvents in the order of | gm per liter, 
it is less soluble in benzene, toluene and carbon tetrachloride, and 
is relatively insoluble in petroleum ether. 

The spectra of simazine and hydroxy simazine in 80% ethanol 
were studied. In the presence of 0.01 M sodium hydroxide the spectra 
of the two compounds practically coincide with a single maximum 
at 210-212 mu and the molar extinction coefficients are 135,000 for 
simazine and 140,000 for hydroxysimazine. In neutral solution the 
simazine maximum shifts to 220 mu with an extinction coefficient 
of 41,900, while hydroxysimazine shows a broad maximum from 
210 to 235 mu with a molar extinction coefficient of about 20,000. 
In the presence of 0.01 M hydrochloric acid, hydroxysimazine shows 
a new peak at 240 mu, while the spectrum of simazine changes but 
slightly. The neutral and acid spectra are shown in Figure 1. 

A spectrophotometric assay has been described (4) which takes 
advantage of the absorption maximum of hydroxysimazine in acid 
solution. However, interference by substances in the plant extracts 
prevented the use of this type of assay in our investigation. 

Treatment of a saturated aqueous solution of hydroxysimazine 
with | mg of acid washed charcoal per ml is sufficient for quantitative 
removal of this compound as shown by spectrophotometry. The 
presence of 0.3 M perchloric acid does not hinder the absorption by 
charcoal. 

By paper chromatography, simazine and hydroxysimazine can be 
separated without any difficulty, as indicated by the Rf’s obtained 
in different solvent systems. Simazine: isopropanol, ammonium 
acetate, water, Rf=0.85; butanol, acetic ac'd, water Rf=0.84; 30% 
acetic acid on kerosene treated paper, Rf=0.55. Hydroxysimazine: 
isopropanol, ammonium acetate, water, Rf=0.61; butanol, acetic 
acid, water, Rf=0.70; 30% acetic acid on kerosene treated paper, 
Rf=0.85. 
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Figure 1. U. V. spectra of 10°M simazine and hydroxysimazine in 80% ethanol 


An experiment was set up to substantiate the work of Roth (7), 
using pressed corn juice and 0.03 wmoles of radioactive simazine per 
vessel. The reaction mixtures were shaken for eighteen hours at 
25° C. Both the chloroform extract and the charcoal were plancheted 
and counted. From these counts the percent of label recovered as 
unchanged simazine and the percent altered were calculated. The 
results were in substantial agreement with those of Roth. The recov- 
ery of unchanged simazine was 6.7% in the fresh corn extract, and 
15.8% in the boiled. However, there was evidence of considerable 
bacterial contamination. 
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When the radioactive simazine was added to either fresh or boiled 
pressed corn juice and then subjected immediately to the isolation 
procedure 97% of the recovered label was extractable with chloro- 
form. 3% was absorbed by the charcoal. 

The activity present in the corn sap which is responsible for this 
transformation of simazine could not be sedimented by centrifuging 
at 100,000 x g for one hour. Pressed corn juice thus treated will 
henceforth be referred to as centrifuged corn juice. This juice could 
be stored in the frozen state without any loss of activity. 

Corn juice proteins precipitated by 80% saturated ammonium 
sulfate showed the same drop in activity as samples heated for 5 
minutes at 100° C. The activity could not be restored by adding 
boiled juice. Samples which had been dialysed against 0.5% KCI 
for 3.5 hours at 4.0° C showed a similar drop in activity. These 
findings are summarized in Table 1. Since 3% of the radioactivity 


Table 1. Effect of ammonium sulfate treatment and dialysis upon the simazine 
hydrolyzing activity. 


Plant material Per cent hydrolysed 


Centrifuged corn juice 1 


Same, heated 5 min., 100°C 

Precipitated by ammonium sulfate at 80% sat.* 
Same plus 0.5 ml of boiled juice 

Centrifuged corn juice, dialysed 

Same plus 0.5 ml of boiled juice 





*Centrifuged corn juice was precipitated with 4 volumes of neutral, saturated ammonium sulfate 
at 0°C, centrifuged, washed with 80% saturated ammonium sulfate and dissolved in 0.1 potassium 
acetate buffer at pH 5.6, the same pH as the corn juice 


was recovered in the charcoal also with a zero-time control, and since 
the substrate used has an isotope purity no greater than 95%, it is 
felt that the radioactivity recovered in the charcoal with heated, 
ammonium sulfate precipitated, and dialysed corn juice is essentially 
negligible. The data in Table | could be explained by assuming 
that the reaction requires a small molecule which will dialyse out 
and which will remain in solution in 80% saturated ammonium 
sulfate. To test this hypothesis the centrifuged pressed corn juice was 
subjected to acetone precipitation. To one volume of the juice 
chilled to 0° C, | vol. of acetone which had been pre-chilled to 
— 15° C was added. The container was surrounded by an ice- 
methanol bath at — 10° C, and was stirred magnetically during the 
addition of the acetone. The precipitate was removed by centrifuging 
for 5 minutes at 25,000 x g in the refrigerated Servall centrifuge. 
The supernatant was then treated again with eight times the original 
volume of cold acetone. The two centrifuge cups containing the 
50% acetone precipitate and the 90% acetone precipitate were 
chilled to 0° C and gassed with nitrogen until the acetone odor was 
no longer detectable. Each precipitate was then dissolved in one 
volume of water. The supernatant 90% acetone was evaporated 
under reduced pressure in a “Flash-evaporator.” The residue was dis- 
solved in 1 volume of water. These three fractions obtained by the 
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acetone precipitation technique were tested in the presence of and 
in the absence of dialysed corn juice. The results are presented in 
lable 2. The 90% acetone soluble fraction not only accounts for all 
the activity in the juice but appears to be consistently a little higher 
as if some substance which interferes with the reaction is removed 


Table 2. Effect of dialysis and acetone precipitation upon the simazine 
hydrolyzing activity. 


> . 
Treatment Per cent simazine 
hydrolysed 


Centrifuged corn juice 9.9 
Same, heated 5 min, 100°C ? 
Same dialysed ( 
Dialysed plus 50% acetone insoluble 0 
Dialysed plus 50-90% acetone insoluble 
Dialysed plus 90% acetone soluble 


90% acetone soluble 


3.4 
4 


1 
1 


¢ 


during the acetone treatment. This view is strengthened by the 
observation that the activity found in the 90% acetone solubles is not 
thermolabile while the activity in the corn juice belore the acetone 
precipitation is definitely destroyed by boiling. This effect is clearly 
shown in Table 3. 


Table 3. Effect of heating upon the simazine hydrolyzing activity in the 
centrifuged corn juice and in the acetone soluble fraction. 


> 7 
Treatment Per cent simazine 
hydrolysed 


Centrifuged corn juice 95 
Same, heated 5 min., 100°C >% 


90% acetone solubles 10.8 
Same, heated 5 min., 100°C 10.6 


A time study was made of the reaction between 90% acetone solu- 
bles and simazine, the results of which are summarized in Table 4. 
Oats are highly susceptible to the action of simazine; it was there- 


Table 4. Time course of the hydrolysis of simazine by the 90% acetone soluble 
fraction of corn juice. 


Re . . 
Time Per cent simazine 
hydrolysed 


0 hours 4.7 
1 hour 

2 hours 18.3 
3 hours 


fore interesting to see whether or not the same simazine changing 
activity could be demonstrated in oat preparations. Centrifuged oat 
juice and oat 90% acetone solubles were prepared under the same 
conditions used for corn. The preparations from the two sources were 
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then assayed together. The comparison between the extracts of both 
species is shown in Table 5. 

Other tests showed that the material responsible for the alteration 
of simazine is totally destroyed by ashing. It is removed from aqueous 
solution almost quantitatively by shaking with 20 mg of charcoal per 
milliliter of 90% acetone solubles. It is extractable from water into 
ethyl acetate and to a lesser extent into ether. Since however ether is 
the more volatile of the two, this solvent is more effective than ethy! 
acetate under continuous extraction conditions. Within four hours 
roughly three fourths of the activity passes from water into ether. 


Table 5. Comparison of corn and oat extracts with respect to the simazine 
hydrolyzing activity. 


Per cent simazine 


Treatment 
hydrolysed 


Corn, 90% acetone solubles 
Oats, 90% acetone solubles 
Centrifuged oat juice 

Same heated 5 min., 100°C 


| volume of 90% acetone solubles was extracted three times with 
three volumes of ethyl acetate. The ethyl acetate extracts were 
evaporated to dryness in a stream of nitrogen and the residue was 
dissolved in 0.4 volume of water. 1.0 ml of this aqueous solution 
was mixed with 0.45 wmoles of simazine—C'™ dissolved in 0.1 ml of 
methyl cellosolve and shaken in a conical centrifuge tube for 24 
hours at 25° C. The reaction mixture was extracted twice with 5 ml 
of chloroform, then twice with 5 ml of ether, and the aqueous layer 
was evaporated to dryness with a stream of nitrogen. The residue 
was compared by paper chromatography to synthetic hydroxy- 
simazine—2,4,6—C™. The results are shown in Figures 2 and 3. The 
agreement between the product of the reaction and the hydroxy- 
simazine standard leaves no doubt that the two are identical. 

Figure 4 compares the effect of simazine and hydroxysimazine on 
oats. It can be seen that the former is highly toxic while the latter 
is herbicidally inactive. This confirms earlier reports by Gysin and 
Kniisli (3, 4) that a potential metabolite of simazine, 2—hydroxy—4,6- 
bis(ethylamino)-—s—triazine, does not inhibit the Hill reaction in con 
centrations of 10° and does not possess any herbicidal properties. 
Thus the chemical conversion of simazine to hydroxysimazine by the 
above-mentioned system constitutes true detoxification of the herbi- 
cide by a naturally occurring plant substance or substances as yet 
unidentified. 


DISCUSSION 


When 90% acetone solubles are dissolved in a volume of water 
equal to the original volume of pressed corn juice, the resulting 
solution will hydrolize simazine at the rate of approximately | 
mumole per hour per ml, if the substrate is present at a concentra- 
tion of 10 mumoles per ml. While this rate is not large by the 
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Figure 2. Autoradiogram of chromatogram developed ascendingly with n-butanol, 
acetic acid, water 4:1:1. Left to right: hydroxysimazine—C“, hydroxysimazine—C" 
plus reaction product, reaction product alone. Small spot near the front (top) 
in the hydroxysimazine—C”™ sample is a trace of unhydrolyzed simazine-C™. The 


two spots nearer the origin are impurities in the original simazine—C™. 





Figure 3. Autoradiogram of chromatogram developed with 30% acetic acid on 
kerosene treated paper. Left to right: simazine-C"“, hydroxysimazine—C™ plus 
reaction product, reaction product alone. 
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Figure 4. Oat plants were grown in culture solution. At left, treated with | yg/ml 
of hydroxysimazine and at right, with | pg/ml of simazine in the culture 
medium. The photograph was taken after 14 days. Analogous results were 
obtained with wheat. 








590 WEEDS 


standard of ordinary organic reactions, one must remember that 
the solubility of simazine in water is also very low. A saturated solu- 
tion contains 5 yg of simazine per ml (5), or about 25 mumoles per 
ml. Even in the absence of any quantitative information on the rate 
of uptake of simazine by corn under field conditions, it appears 
probable that the system we have described is sufficiently active to 
Eitsdioes simazine as fast as it is taken up by the plant. Indeed 
when corn plants were grown for seventy two hours in culture solu- 
tion containing 2.0 yg per ral of radioactive simazine only a trace of 
simazine was found in the roots by solvent extraction and papet 
chromatography, and none in the aerial portions. Similar results 
were obtained by others.® 

Hydroxysimazine has been shown to be void of phytotoxic prop- 
erties. It appears likely that in the whole plant hydroxysimazine is 
also broken down perhaps by pathways similar to those active in 
pyrimidine metabolism. At any rate the radioactivity from simazine- 
2,4,6-C™ appears in numerous end products which have not yet 
been identified. 

The mechanism of the dechlorination reaction is unknown and its 
study must wait until the active constituent in corn juice has been 
identified. A likely possibility is a nucleophilic attack upon carbon 2 
yielding an intermediate which reacts with water in a subsequent 
step. 


Cl xX +Cl 
+ X N N +H,O 


NH-C:H, C.H,HN N NH-C,.H 


N +X+ Ht 


C,H; -HN N NH-C;H; 


In this connection it must be mentioned, however, that imidazole 
in concentration of 50 umoles per ml has no effect on simazine, while 
on the other hand 90% acetone solubles have no effect on p—nitro- 
phenyl acetate. The hydrolysis of the latter by imidazole is quite 
rapid and has been studied extensively (1, 2) 

According to Gysin and Kniisli (4), Roth has found phenolic sub- 
stances in corn, millet, and other simazine-resistant plants, which 
hasten the breakdown of simazine in vitro, especially in the presence 
of horseradish peroxidase. While comparison must wait for the 
detailed publication of Roth's observation, it is possible that his 
system may be the same as the one observed by us. 


~ [Freed, V. H. Oregon State College, Corvallis, Oregon. Personal communication 
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The pattern of selective action by toxic agents is determined by a 
combination of gross morphological and physiological factors, and 
by metabolic interactions. Among the latter, enzymic detoxification 
mechanisms, such as conjugation and oxidative breakdown, have 
long been recognized as being important. It now appears that along 
with these, non-enzymic detoxification reactions catalyzed by small, 
organic molecules, may also occur. In particular cases, such as the 
action of simazine toward different species of grasses, non-enzymic 
detoxification may play a major role in determining the resistance or 
suceptibility of a particular species. 


SUMMARY 


A system has been found in extracts of Zea mays which is able to 
convert simazine, 2-chloro-4,6—bis(ethylamino)-—s-triazine, to the 
corresponding 2—hydroxy analogue. The active constitutent is di- 
alysable, soluble in 90% acetone, extractable with ether and ethyl 
acetate and totally destroyed by ashing. In the crude extract the 
active constituent is destroyed by boiling. After the preparation has 
been cleaned up by acetone precipitation, boiling for five minutes 
causes no loss of activity. These properties indicate that the active 
constituent 1s not a protein. 

While Zea mays is resistant to the toxic action of simazine, Avena 
is susceptible. Extracts of Avena contain none of the simazine- 
destroying activity which is present in the extracts of Zea. The sig- 
nificance of these findings with respect to the selectivity of toxic 
action is discussed. 
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Phytotoxicity of s—triazine Herbicides to Corn and Weeds 
as Related to Structural Differences’ 


C. G. McWuorter and J. T. Hotstun, JR.? 


—— of s—triazine derivatives have shown considerable promise 
for pre-emergence weed control (1, 2, 5, 6). Activity and selec- 
tivity as influenced by structural differences between many deriva- 
tives have been discussed by Gysin (2). The phytotoxicity of some of 
these materials is greatly influenced by the characteristics of the soil 
to which the herbicides is applied (8). Although solubility may be 
important in the toxicities of the s—triazines, adsorption may be of 
equal or greater importance in the presence of high organic mattet 
or high colloid content. In solution these factors may be eliminated 
so that a more accurate determination of phytotoxicity and physio- 
logical selectivity may be made. The most successful pre-emergence 
herbicides for shallow planted crops possess at least some physiologi- 
cal selectivity. 

This investigation was conducted to evaluate the comparative 
toxicities of a large number of s—triazine compounds to corn and cer- 
tain weed species common to row crops in the Mississippi Delta, and 
to obtain information as to how different structural modifications 
affect activity and selectivity. 


MATERIALS AND METHODS 


The plant species used in this study were corn, (Zea mays L., cv. 


Dixie 55), goosegrass (Eleusine indica (L.) Gaertn.), brachiaria 
(Brachiaria platyphylla (Griseb.) Nash), and pigweed (Amaranthus 
spp.). Seeds were planted in waxed cartons containing approximately 
1 pint of sand. Immediately after planting the sand was flushed 
with solution 2 described by Hoagland and Arnon (3). Holes on each 
side of the carton, approximately | inch from the bottom, allowed 
the excess solution above that point to drain. Four or 5 days after 
planting, the herbicides* were applied by pouring approximately 
200 ml of an appropriate solution, emulsion, or suspension, into each 
container. Of this amount approximately 75-100 ml was excess and 
drained off. Each compound was applied at 9 concentrations, with 
each concentration being repticated 2, 3, or 4 times. The solution of 
Hoagland and Arnon was used as the diluent for all materials. (3) 

Within 3 days after emergence, all species were thinned so that 
separate cartons contained ¢ Be 15, 10-15, or 5-10 plants each of 
corn, brachiaria, goosegrass, or pigweed, respectively. 

Visual injury ratings were recat 2 and 4 weeks after application 
of the herbicides. The ED; values represent that concentration of 

‘Received for publication Dec. 16, 1960. 

*Plant Physiologist, Crops Research Division, Agricultural Research Service, 
U. S. Department of Agriculture and the Delta Branch, Mississippi Agricultural 
Experiment Station and Agronomist, Crops Research Division, Agricultural Re 
search Service, U. S. Department of Agriculture, respectively, Stoneville, 


Mississippi. 
*All »-triazine herbicides were supplied by Geigy Chemical Corporation, 


Yonkers. New York. 
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herbicide, in ppmw, required to reduce the general growth of the 
plants by 50 percent. 

The data reported were obtained over a period of several months. 
Evidence (7) indicates that the toxicity of certain s—triazine deriva- 
tives to a crop may vary with the environmental conditions under 
which the crop is grown. No attempt was made in this study to inter- 
pret small differences in toxicity and it is believed that the differences 
between groups were great enough to off set the environmental 
differences in phytotoxicity. Differences in environmental conditions, 
however, would be somewhat reduced because all data on different 
plant species within chemicals were obtained from the same sub 
experiments. All statements referring to activity on weeds and selec- 
tivity for weed control refer only to corn and the weeds included. 


RESULTS 


The herbicides are discussed by the somewhat arbitrary groups of 
Table | and by the single derivative groups of Table 2. Substituent 


Table 1. Toxicity of various s-triazine derivatives to corn, pigweed, brachiaria, 
and goosegrass. 


Derivative EDyo* 
Name or 

number Pig- Brachi-| Goose- 

Corn weed aria grass 


thloro diethylamino diethylamino chlorazine 0.69 0.40 0.30 
hloro ethylamino ethylamino simazine > 10.00 0.16 0.31 
chloro isopropylamino methylamino 30026 >10.00 0.36 1.07 
thloro isopropylamino| isopropylamino propazine >10.00 0.29 2.28 
chloro propylamino isopropylamino 30451 > 10.00 ' 2.91 
thloro isopropylamino| ethylamino atrazine > 10.00 0.04 0.83 
hloro ethylamino diethylamino trietazine >10.00 0.33 1.76 
thloro diethylamino isopropylamino ipazine > 10.00 434 > 81 
hloro ethylamino 3-methoxypropyl- 
amino 34696 > 10.00 0.48 
hloro isopropylamino| 3—methoxypropyl- 
amino 34698 >10.00 0.37 

Methoxy ethylamino ethylamino simetone 0.59 
Methoxy isopropylamino)| isopropylamino prometone 0.48 
Methoxy isopropylamino| methylamino 32292 
Methoxy isopropylamino| ethylamino atratone 
Methoxy diethylamino isopropylamino 31717 
Methoxy ethylacetamido)] isopropylacetamido | 34572 
Methoxy diethylamino isopropylacetamido | 34404 
Methoxy ethylacetamido| ethylacetamido 34035 
Methoxy ethybenzamido| ethylbenzamido 34675 


Ethylamino | ethylamino methyl mercapto 32911 
Isopropy!- 

amino isopropylamino| methylmercapto 34161 0.14 
Ethylamino | isopropylamino| methylmercapto 34162 0.57 
Isopropy!- 

amino methylamino methylmercapto 34360 0.11 


Fthylamino | isopropylamino| methylamino 34365 1.18 
Ethylamino | ethylamino isopropylamino 34451 4.01 
Ethylamino | isopropylamino! isopropylamino 34453 > 10.00 


Ethoxy isopropylacet- 

amido isopropylacetamido | 34472 > 10.00 
Ethylamino | ethylamino trichloromethyl 34041 3.07 
Allylamino chloro isopropylamino 34361 4.32 


*Concentration of herbicide in ppmw required to reduce the height and vigor of the plants by 


50 percent 
>Ratings not obtained as a result of short day length 
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Table 2. 


WEEDS 


Toxicity of various s-triazines by single derivative groups to weeds and 


relative rate tolerance between corn and weeds. 








Various second 
combinations with 


ethylamino 
isopropylamino 
ethylamino 
isopropylamino 
isopropylamino 
ethylamino 
isopropylamino 
propylamino 
aliylamino 
diethylamino 
diethylamino 


chloro 

methoxy 

c hloro 
isopropylacetamido 
chloro 


chloro 

chloro 

chloro 

chloro 
ethylamino 
ethylamino 
ethylamino 
methoxy 
isopropylamino 
isopropylamino 
isopropy lamino 
methoxy 


chloro 
chloro 
chloro 
chloro 
methoxy 
chloro 
ethylamino 
methoxy 
allylamino 
chloro 
methoxy 
isopropylamino 
ethylamino 
ethylamino 
ethylamino 
methoxy 
methylamino 


chloro 

methoxy 
ethylamino 
isopropylamino 


chloro 
chlor , 


| 


and third derivative 
a constant first derivative 


EDws* 
weeds 


Selectivity 
index' 


Name or 
number 


Chloro derivatives 


3-methoxypropylamino | 
3—methoxypropylamino 
diethylamino 
methylamino | 
ethylamino 
ethylamino 
isopropylamino 
isopropylamino 
isopropylamino 
isopropylamino 
diethylamino 


34696 
34698 
trietazine 
30026 
atrazine 
simazine 
ropazine 
045 
34361 
ipazine 
chlorazine 


Diethylamino derivatives 


ethylamino 
isopropylamino 
isopropylamino 
methoxy 
diethylamino 


trietazine 
717 


ipazine 
34404 
chlorazine 


Ethylamino derivatives 


3—-methoxypropylamino 
diethylamino 
isopropylamino 
ethylamino 
isopropylamino 
trichloromethy! 
methyl mercapto 
isopropylamino 
isopropylamino 
methyl mercapto 
methylamino 
ethylamino 


Isopropylamino 


3—-methoxypropylamino 
methylamino 
ethylamino 
isopropylamino 
diethylamino 
propylamino 
ethylamino 
methylamino 
isopropylamino 
diethylamino 
ethvlamino 
methyl mercapto 
isopropylamino 
methyl mercapto 
methylamino 
isopropylamino 
methyl mercapto 


34696 
trietazine 
atrazine 
simazine 
34451 
34041 
32911 
atratone 
34453 
34162 
34365 
simatone 


derivatives 


4 


34698 
30026 
atrazine 
propazine 
31717 


30451 
34451 
32292 
34361 
ipazine 
atratone 
34161 
34453 
34162 
34365 
prometone 
34360 


ee NN 


Methylamino derivatives 


isopropylamino 
isopropylamino 
isopropylamino 
methyl mercapto 


30026 
32292 
34365 
34360 


3—methoxypropylamino derivatives 


ethylamino 
isopropylamino 


34696 
34698 
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Table 2. Continued. 





Various second and third derivative | Name or Selectivity 
combinations with a constant first derivative | number weeds index' 


Methoxy derivatives 


diethylamino isopropylamino 31717 
isopropylamino methylamino 32292 
diethylamino isopropylacetamido 34404 
isopropylamino ethylamino atratone 
ethylbenzamido ethylbenzamido 34675 
isopropylamino isopropylamino prometone 
ethylamino ethylamino simetone 
ethylacetamido isopropylacetamido 34572 
ethylacetamido ethylacetamido 34035 


Methvyimercapto derivatives 


ethylamino ethylamino 32911 
isopropylamino isopropylamino 34161 
ethylamino isopropylamino 34162 
isopropylamino methylamino 34360 


Ethylacetamido derivatives 


isopropylacetamido methoxy 34572 
ethylacetamido methoxy 34035 


lsopropylacetamido derivatives 


diethylamino methoxy 34404 
ethoxy isopropylacetamido 34472 
ethylacetamido methoxy | 34572 


Ethylbenzamido derivative 
ethylbenzamido methoxy 34675 
Ethoxy derivative 
isopropylacetamido isopropylacetamido 34472 
Trichloromethy! derivative 
ethylamino ethylamino 34031 
Allylamino derivative 
chloro isopropylamino 34361 
Propylamino derivative 


chloro isopropylamino 30451 ‘ 2.49 
| 


*Concentration of herbicides, in ppmw, required to reduce the height and vigor of the plants by 
50 percent 
EDs» for corn 
t = selectivity index (The higher the index number the more selective 
EDs avg. all weeds the herbicide to corn 
*High because of low activity on pigweed 
‘Average of grassy weeds only 


position numbers are largely ignored in this report because of the 
lack of meaning in the fundamental symmetrical triazine molecule 
present in all compounds studied in the experiment. The data of 
both Table | and Table 2 are needed for selection of individual 
compounds combining high activity and selectivity for control of 
weeds in corn. 

Seven compounds, 2-chloro—4-ethylamino—6—(3—methoxypropyl- 
amino)-s—triazine (34696), 2-chloro—-4—isopropylamino—6—(3—me- 
thoxypropylamino)-—s—triazine (34698), 2-chloro—4—diethylamino-6- 
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ethylamino-s-triazine (trietazine), 2-chloro—4—isopropylamino—6- 
methylamino-s—-triazine (30026), 2-chloro—4—ethylamino—6—isopro- 
pylamino-s—triazine (atrazine), 2-chloro—4, 6—bis(ethylamino)—s—tria- 
zine (simazine), and 2-chloro—4,6—bis (isopropylamino)—s—triazine 
(propazine), derivatives of s—triazine, were active at low to moderate 
rates and selective for weed control in corn. 

Many variables influencing both activity and selectivity were pur- 
posely excluded from or minimized in this experiment in an effort 
to isolate derivatives having a high degree of activity plus physiologi- 
cal selectivity. Four compounds (34696, 34698, trietazine, and 30026), 
although less active than simazine, were far more selective. High 
physiological selectivity in pre-emergence herbicides is too rare to be 
discarded lightly because of possible combination with slightly lower 
herbicidal activity. Techniques for increasing herbicidal activity, 
such as the subsurface application as described by McWhorter and 
Wooten (4) and other methods, and possiblities of lowering herbicide 
production costs should be fully investigated before concluding that 
a high-activity, moderately selective material is superior to a 
moderate-activity, high-selectivity material. 

Although this experiment was intended primarily as a search for 
better pre-emergence herbicide for corn, it is believed that the 
toxicity data of Table | may be of value where crop response may 
already be known or in situations where crop response is not 
considered. 

Chloro derivatives. With one exception all of the studied com 
pounds which had a selectivity index value in excess of 2.0 could be 
classed as chloro derivatives. This fact was interpreted as evidence 
that the chloro substituent is conducive to corn selectivity in triple- 
substituted s—triazines. Selectivity of the chloro-derivatives was high- 
er if the remaining two positions were filled by ethylamino, 3- 
methoxypropylamino, isopropylamino, diethylamino, or methyl- 
amino derivatives in unlike pairs from which isopropylamino 
combinations with ethylamino or diethylamino derivatives were 
excluded. 

Activity of the chloro derivatives in general against the weeds 
would have to be classified as moderate, but the fact that simazine, 
one of these chloro derivatives, exhibited high activity on weeds 
indicated that the general reduction to moderate activity was not 
due to the simple presence of chlorine. 

Diethylamino, ethylamino, isopropylamino, and methylamino 
derivatives. Neither the presence nor absence of these radicals ap- 
peared necessary for selectivity or activity. Compatibility with each 
other and with other elements or radicals appeared to be relatively 
good, but not unrestricted. 

3~Methoxypropylamino derivatives. Both of the two 3—methoxy- 
propylamino derivatives included in this study contained also the 
chloro derivative. From the limited data obtained, it seemed that this 
radical was conducive to selectivity, and at least did not severely 
reduce activity on the weeds. 
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Methoxy derivatives. The evidence indicated that the methoxy 
radical either inhibited selectivity or had low compatibility with 
other substituents. Activity on weeds was generaly high where com- 
bined with alkylamino derivatives but low in combination with 
amido derivatives. 

Methylmercapto derivatives. All compounds containing this radi- 
cal were highly toxic to both corn and weeds except pigweed which 
was tolerant to the methylmercapto ethylamino ethylamino 
derivative. 

Ethylacetamido, isopropylacetamido, ethylbenzamido, and ethoxy 
derivatives. All compounds containing one or more of these radicals 
were low in activity on weeds and in selectivity for weed control in 
corn. 

Trichloromethyl and allylamino derivatives. Only one compound 
for each of these two derivatives was included. Both were moderate 
in activity on weeds and low in selectivity for weed control in corn. 

Propylamino derivatives. The one propylamino derivatives in- 
cluded in this experiment exhibited moderate selectivity for weed 
control in corn, but was low in activity on weeds. 


DISCUSSION 


Efforts to synthesize herbicides solely on basis of knowledge of bio- 
chemistry have produced fewer practical herbicides than has mass 
evaluation of compounds. Advance prediction of activity of modifi- 


cations of the triple-substituted s—triazine molecule in which the 
substituents vary, but positional effects are not present, should be 
simpler than where both substituent and positional effects are in 
force. 

Even though predictions on performance of untested compounds 
may be possible in the future, at present such predictions should be 
restricted to probability statements. In other words, it is hypothe- 
sized that data from experiments such as that reported here could 
be used as aids in synthesizing groups of herbicides which would 
yield a higher percentage of useful herbicides than would groups of 
randomly selected compounds. In this experiment, 29 compounds 
represented 15 classes of substitution derivatives. The number ol 
individual triple-substituted s—triazines that could theoretically be 
made with only 10 different radicals or elements is fantastic and 
approaches infinity as the number of substituents is increased. 

The cost of synthesis and evaluation of all possible s—triazine deriv- 
atives is prohibitive. It appears that evaluation of derivatives from 
specific subgroups would be essentially as effective as mass evaluation 
once sufficient phytotoxicological data have been obtained on a spec- 
trum of radicals and/or molecules which may be bound to the 
s—triazine molecules. Several generalities can be made about the 
derivatives studied in this experiment: 

1. All highly selective compounds studied were chloro derivatives. 
2. Both 3—methoxypropylamino derivatives studied were highly 

selective. 
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The two compounds highest in selectivity contained both the 
chloro and the 3—methoxypropylamino derivative. 

1. All compounds containing the amido radical were relatively 
low in activity on weeds and in selectivity. 

All methylmercapto derivatives exhibited strong activity 
against weeds, but were low in selectivity. None of the methyl- 
mercapto derivatives contained either a chloro or a 3—methoxy- 
propylamino group. 

6. Methoxy derivatives, except those containing the amido radi- 
cal, were strong to moderate in activity and some exhibited 
moderate selectivity. None of the methoxy derivatives studied 
contained either a chloro or a 3—methoxypropylamino com- 
ponent. 

Neither the presence nor absence of diethylamino, ethylamino, 
isopropylamino, or methylamino derivatives appeared neces- 
sary for selectivity or activity. 


vt 


~I 


$ 

Two pertinent questions for which this experiment produced no 

data follows: 

1. Would 3-—methoxypropylamino derivatives be more or less 

selective in the absence of the chloro radical? 

2. Can selectivity be added to methoxy or methylmercapto deriv- 
atives by combination with chloro and/or 3—methoxypropyl- 
amino components, and if so would their activity against weeds 
be greatly decreased? 

It is suggested that the synthesis and evaluation of a few key com- 
pounds of the s—triazine class would have reasonably good chance 
of being a major advance toward the systematic synthesis of a selec- 
tive herbicide with a predicted specific purpose. One such group of 
key compounds could be chloro 3—methoxypropylamino methylmer- 
capto-s—triazine, chloro 3—methoxypropylamino methoxy-s-triazine, 
and diethylamino ethy!amino 3—methoxypropylamino-s—triazine. If 
this or a similar group could be synthesized, it is possible that the 
data obtained would provide information that could greatly enhance 
the selection of a second group. If only chloro, 3—-methoxypropylam- 
ino, methylmercapto, and methoxy combinations are used in form- 
ing these key compounds, only 19 compounds are possible. This 
figure is, of course, incomparably small in comparison with the 
number of compounds possible with large numbers of randomly 
selected substituents. Although the group suggested contained more 
than the four key components, these additional radicals, such as 
ethylamino or diethylamino, were included to provide information 
about the key compounds that could not be obtained otherwise. Such 
additions should be restricted and the extra components need not be 
added in all possible combinations. If this restriction were not 
imposed the number of possible compounds would soon rise to 
astronomical numbers and thus defeat the experimental objectives. 

As additional s—triazine derivatives become available and permit 
further research similar to that of this report, it is believed that 
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impetus will not only be added to understanding of s—triazine deriv- 
atives but possibly of other herbicides as well. 


SUMMARY 


Twenty-nine substituted s—triazine compounds, representing sev- 
eral substituent groups, were comparatively evaluated in nutrient 
solution as possible herbicides for weed control in corn (Zea mays L. 
cv. Dixie 55). Phytotoxicological data obtained from pigweed 
(Amaranthus spp.), goosegrass (Eleusine indica (L.) Gaertn.), brachi- 
aria (Brachiaria platyphylla (Griseb.) Nash), and corn indicated that 
all highly selective compounds studied were chloro derivatives. The 
presence of a 3—methoxypropylamino group appeared to increase 
corn selectivity. The two compounds highest in selectivity contained 
both chloro and 3—methoxypropylamino substitutions. 

Methylmercapto derivatives were highly toxic to the weeds but 
low in selectivity. Methoxy derivatives, except those containing an 
amido radical, were strong to moderate in activity and exhibited 
moderate corn selectivity. None of the methylmercapto or methoxy 
derivatives contained either a chloro or 3-methoxypropylamino 
component. 

Compounds with an amido radical were low in activity and selec- 
tivity. Neither the presence nor absence of diethylamino, ethylamino, 
isopropylamino, or methylamino substitution in the derivatives 
appeared necessary for selectivity or activity. 
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An in vitro Method of Evaluating the Activity of Buds on 
the Rhizomes of Quackgrass (Agropyron repens)' 


B. G. Jonnson and K. P. Bucnno.rz? 


i of the major prerequisites to a study of the vegetative buds on 
the rhizomes of quackgrass is the development of a method 
in which the rhizomes may be grown where bud growth can be 
observed easily. Since buds on the rhizomes of quackgrass are sub- 
terranean and since immediate observations of growth responses are 
virtually impossible, it was concluded that a method should be 
devised which would provide in vitro conditions favorable for 
growth. Changes in bud activity or dormancy could then be followed 
throughout the growing season. The method should also be such 
that observations of and treatments to the rhizomes could be made 
without disturbing them. Several methods have been used previous- 
ly (1), but they do not lend themselves readily to observation or 
treatment. 

This paper describes the development of an in vitro method in 
which the activity of the buds on rhizome sections could be evaluated 
under controlled conditions. A method was needed to permit undis- 
turbed observation and allow for the application of both chemical 
and physical treatments to the rhizome tissue. Portions of the pro- 
cedure described were adapted in part from studies with tobacco 
tissue cultures (3, 4). 

GENERAL PROCEDURES 
Preparation of material. Quackgrass rhizomes were dug from a heav- 
ily infested field which had not been disturbed for three years. The 
rhizomes were shaken free of soil in the field and washed in the 
laboratory. The rhizomes were wrapped in moist cheesecloth and 
held this way as much as possible during their preparation to prevent 
drying. 

Only firm, undiscolored rhizomes which had fully developed and 
visually uninjured buds were selected. It was felt that by using only 
these rhizomes, any complication of results due to physical or bio- 
logical injury would be avoided. The adventitious roots and scale 
leaves at the rhizome nodes were removed to reduce contamination 
and to facilitate the measurement of any new growth from the bud 
or rhizome section. The rhizomes were cut into 20 mm. sections, 
each containing one bud. Due to the nature of the development of 
quackgrass rhizomes in the field, this length of section was selected 
readily because of the natural spacing between buds. The sections 

‘Received for publication Dec. 17, 1960. Published with the approval of the 
Director of the Wisconsin Agricultural Experiment Station as a collaborator unde 
North Central Regional Cooperative Research Project No. 10. Part of a thesis 
submitted by the senior author in partial fulfillment of requirements for the 
Ph.D. degree at the University of Wisconsin. 

*Assistant Professor and Professor of Agronomy, respectively, Wisconsin Agri 
cultural Experiment Station. 

*Zick, W. H. Factors influencing the effectiveness of maleic hydrazide in con 
trolling quackgrass, Agropyron repens. Ph.D. thesis, University of Wisconsin 
Madison, Wisconsin. 1956. 
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were finally rinsed in distilled water prior to placing them in the 
culture vessels. 

Constant conditions. Pyrex Erlenmeyer flasks with a 125 ml capacity 
were used as the culture vessels. Using distilled water, a medium con- 
taining 0.8 per cent Difco Bacto agar was prepared, and 50 ml were 
poured into each flask. The flasks were plugged with non-absorbent 
cotton and autoclaved at 15 pounds per square inch pressure for 30 
minutes. The concentration of agar used provided a medium which 
when solidified was firm enough to support the rhizome sections 
while at the same time offered as little resistance as possible when 
the sections were implanted. 

Five rhizome sections were implanted in the solidified agar medi- 
um in each flask. The flasks were placed in an incubator at 30 + 1° ¢ 
and kept under these conditions in the dark for 15 days. The activity 
of the buds on the rhizomes was then evaluated. 

The temperature of 30° C. was chosen because it was possible to 
maintain this temperature in a convection-heated incubator at room 
temperature (24°-27° C.). However, recent studies have shown that 
30° C. is near the upper limit for maximum response and that a 
temperature of 20°-25° C. would be more suitable (2). The growth 
period of 15 days was selected because in that length of time the 
shoots produced from the buds reached a maximum length for the 
culture vessels used. 

Measurements. In evaluating the growth response, the number of 
rhizome buds developing into shoots, with a minimum length of 
mm, was recorded. This was the basic measure of bud activity. The 
lengths of the shoots formed were also recorded, giving a measure- 
ment of degree of activity. In addition, the number of adventitious 
roots formed at the node of each section and the total length of these 
roots were recorded. 


METHODS AND RESULTS 


Placement of section and location of bud. Six vertical and six hori- 
zontal positions were used to determine the most favorable placement 
of the rhizome sections in the agar medium. Data from this study 
are shown in Table |. The placements are shown in Part I of Figure 
1. Considering the vertical positions tested, Position 2 was chosen as 
the optimum because: 1) it was as good as, or better than, the other 
positions with respect to bud activity and shoot growth; 2) the bud 
was directed upward resulting in straight shoot development; 3) the 
bud was not below the medium surface where gas exchange could 
have been limiting; and 4) the bud-node from which the adventitious 
roots arise was at the agar surface. Position 7 was selected as the 
optimum horizontal position, both from the standpoint of bud 
activity and shoot growth. While Position 7 more nearly resembled 
the natural position of quackgrass rhizomes in the soil, Position 2 
was obviously superior under the conditions of this method and was 
used in subsequent studies. 

Four bud locations on sections placed vertically were compared 
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Table 1. Bud activity and shoot growth after 15 days from 25 one-bud rhizome 
sections implanted in agar in each of 12 treatments to determine the optimum 
placement for growth in vitro. 


Placement* | Per cent bud | Total length Av. shoot length 
activity | of shoots, mm per section, mm 


Vertical 
1360 
1410 
900 
1380 
710 
1340 


Horizontal 
8 


9 
0 


1 
4 


*From Part I of Figure 1 
>Placement used in further studies 


I. PLACEMENT OF SECTION 
A, VERTICAL 











BUD SIDE 


IZ. LOCATION OF BUD 


! 2 3 4 5 
BUD UP BUD DOWN CHECK 


Figure 1. Treatment of rhizome sections in determining 
the optimum placement of the section and location of 


the bud. 
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Table 2. Bud activity and shoot growth after 15 days from 25 one-bud rhizome 
sections implanted in agar in each of five treatments to determine the optimum 
location of the bud on the rhizome section. 


Bud location*® Per cent bud Total length Av. shoot length 


activity of shoots, mm per section, mm 


88 1300 5? 


R4 550 22 
KK 1000 40 
96 960 ; 

88 1450 58 


*From Part II of Fieure 2 
bPlacement 2 from Part I of Figure 2 


with Position 2 from the preceding study. The data are given in 
Table 2. The bud locations are shown in Part II of Figure 1. None 
of the positions tested had any advantage over the most favorable 
position selected from the previous trial in which the bud was 
located in the center of the section and placed at the surface of the 
agar medium. 


Light effect. Flasks implanted with rhizome sections were placed 
both in the dark and under artificial illumination. Sections planted 
vertically with the bud at the medium surface were used in both 
cases, and growth responses under both conditions were recorded at 
the end of the growth period. The results are summarized in Table 
3, Treatment |. Bud activity and shoot and root growth were neither 


Table 3. Bud activity and shoot and root growth after 15 days from 50 one-bud 
rhizome sections implanted in agar in each treatment to determine the optimum 
conditions and requirements for growth. 


Per cent Av. shoot Av. total root Av. no. of 
Treatment bud length length per roots per 
activity per section, mm) section, mm section 


Grown in the light 100 69 106 2.0 
Grown in the dark 100 65 122 2.0 


Implanted below agar surface 0 0 0 


End covered 
Bud covered 
Control 


Pure Nz atmosphere 
Control 


Pure O» atmosphere 
Control 


enhanced nor retarded by light when compared to that obtained in 
the dark. Consequently, all trials were run in the dark, which is 
the more natural condition for rhizome development below the soil 
surface, and avoids variations in the source of artificial light. 


Oxygen requirement. Observation of rhizome sections in the vertical 
position implanted entirely below the surface of the agar medium 
indicated that the rhizomes had an apparent requirement for oxygen 
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to initiate shoot and root growth. No shoots or roots developed from 
buds or nodes when rhizome sections were placed in this position 
(Table 3, Treatment 2). As a result of this study, several additional 
experiments were conducted to characterize the oxygen requirement. 
The first experiment involved normal, vertical implanting of rhi- 
zome sections in agar medium except that in one group the exposed 
ends of the rhizome sections were covered with petroleum jelly, while 
in another group the buds were covered. A third group of untreated 
sections was included. Measurements taken after 15 days indicated 
that by covering the exposed end of the rhizome sections to prevent 
the exchange of gas in that area, the bud activity and shoot and root 
growth were reduced (Table 3, Treatment 3). By covering the buds, 
growth was nearly stopped. This indicated that although some gas 
exchange takes place through the cut surface at the end of the rhi- 
zome section, the major portion takes place at the bud itself. For 
optimum growth, both the bud and one end of the rhizome section 
should be exposed. 

Two further experiments were conducted in wi *\ the gas supply 

around the rhizome sections was limited to either pure nitrogen or 
pure oxygen. One set of flasks in each experiment was implanted 
with rhizome sections and merely plugged with cotton, as usual, to 
allow for normal gas exchange with the atmosphere. The other set 
in each experiment was equipped with an apparatus which con- 
nected the rhizome-implanted flasks in series to tanks of either 
oxygen or nitrogen. Flasks containing water were placed in the first 
part of the line to saturate the gas with moisture as well as to provide 
a means of observing the rate of gas flow from the bubbles produced. 
The entire set-up was placed in the incubator at 30° C. for 15 days. 
No growth took place under an atmosphere of pure nitrogen (Table 
3, Treatment 4), indicating again the definite oxygen requirement. 
When an atmosphere of pure oxygen was used, bud activity was 
similar to that of the controls, but shoot and root growth was less 
than control growth (Table 3, Treatment 5). The requirement for 
oxygen was met, obviously, before the concentration reached that 
of the pure state, as seen by the control growth under a normal 
atmosphere. Consequently, no attempt was made to alter the normal 
atmospheric content of oxygen in subsequent trials. 
Medium and sterilization. The medium first used in studying the 
growth positions was White's basic nutrient medium (5). This medi- 
um was modified through the addition of several accessory nutrients 
(4). When implanting rhizome sections in flasks containing this modi- 
fied White's medium, all utensils were autoclaved or flamed with 
ethyl alcohol, and plantings werc made in a closed transfer chamber. 
Nevertheless, bud growth was almost completely inhibited by severe 
contaminating growth of soil microorganisms. The contaminants 
were introduced by using non-sterile rhizome sections. Consequently, 
a means of surface sterilization of the rhizome sections was 
investigated. 

Soaking the rhizome sections in either 70 per cent ethyl alcohol or 
a solution of calcium hypochlorite (5 per cent by weight) was ineffec- 
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tive in preventing contamination. In a third experiment, sodium 
hypochlorite in liquid form (commercial Hilex bleach) was used as 
the sterilizing solution. Rhizome sections were either soaked in full 
strength sodium hypochlorite, with 5 per cent available chlorine, for 
periods of 5 or 10 minutes, or soaked in one-half strength solution 
for the same two time periods. Included for comparison were sec- 
tions which received no treatment, but which were implanted in 
flasks containing plain agar medium with no additions instead of the 
modified White's nutrient medium. Observations of contamination 
were made at the end of the growth period as well as measurements 
of bud activity and shoot length. 

The bud activity of the rhizome sections treated with sodium 
hypochlorite ranged from 80 to 50 per cent of the control, and the 
shoot length ranged from 30 down to 10 mm, compared with 100 
mm for the control, both decreasing as the concentration and time 
of treatment increased. The contamination in the flasks was reduced 
with these treatments, but the only flasks which were free of con- 
tamination were the controls, which provided no nutrients for the 
growth of organisms that were present on the rhizomes. A treatment 
drastic enough to be partially effective for surface sterilization of 
the rhizome sections caused a reduction in bud activity and shoot 
development. Surface sterilization of the rhizome tissue prior to 
sectioning may have reduced the toxic effect of the sterilant on bud 
growth and shoot development. As a result of this study, the modi- 
fied White’s nutrient medium was not incorporated in the agar in 
subsequent trials, and no attempt was made to surface sterilize 


Figure 2. Bud activity and shoot growth after 15 days from one-bud 
rhizome sections implanted in agar medium containing no 
additions. 
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the sections. Growth under these modified conditions was very 
favorable and contamination was at a minimum (Figure 2). 

Since the rhizomes are storage organs, the length of section used 
provided a considerable supply of nutrients to the attached bud. 
Consequently, the need for a nutrient medium was not as necessary 
as it might have been had the sections been shorter or the buds 
excised. Since a nutrient medium was not needed, surface steriliza- 
tion of the rhizome tissue was not required, eliminating a step in the 
preparation which might have proven very difficult or unsatisfactory. 
Conversely, since no nutrients were provided, the activity and devel- 
opment of the rhizome buds were not complicated by additives from 
the medium and were a true reflection of the physiological state of 
the tissue at the time of implantation in the agar medium. This was 
considered an ideal situation since the method could then be adapted 
quite easily to studying either the natural seasonal changes in bud 
activity or the factors influencing these natural changes in activity 
through the addition of substances to the medium. 


SUMMARY 


A method is described in which one-bud sections of quackgrass 
rhizomes were grown in vitro. Sterile Erlenmeyer flasks containing 
50 ml of agar medium were each implanted with five 20 mm sections 
and placed in an incubator at 30 + 1° C. The evaluation of bud 
activity was made after 15 days by recording the per cent of active 
buds, the length of the shoots produced and the length and number 
of adventitious roots formed. 

Studies to determine the most favorable placement of the rhizomes 
in the agar medium indicated that the rhizomes should be placed 
vertically with the bud at the agar surface. The most favorable loca- 
tion of the bud proved to be in the center of the rhizome section. 

While light neither enhanced nor retarded bud activity and shoot 
and root growth when compared with sections grown in the dark, 
the rhizomes showed a definite requirement for oxygen. Any reduc- 
tion in the oxygen supply to the sections resulted in suppressed 
development. 

It was found that a nutrient medium was not needed when grow- 
ing quackgrass rhizome sections in vitro. Surface sterilization of the 
rhizome sections prior to implanting in the agar was not required. 
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Longevity of Seeds of Wild Oats, Winter Rye, and Wheat 
in Cultivated Soil’ 


D. C. Tincey? 


Ww oats (Avena fatua L.), winter rye (Secale cereale L.), and 
volunteer winter wheat (Triticum vulgare Vill) are troublesome 
problems to many areas in the West. Wild oats are one of the most 
troublesome weeds on irrigated lands. Winter rye is a problem on 
dry lands planted to winter wheat. Volunteer wheat on dry lands 
makes it almost impossible to keep varieties pure, and consequently 
it is difhcult to produce certified seed under these conditions. Volun- 
teer susceptible varieties become infected with bunt and this not only 
causes the wheat to grade smutty, but also perpetuates the bunt 
organism so it can hybridize and produce new races. 

In developing methods of controlling weeds or other undesirable 
plants, it is important to know something about the longevity of 
their seeds in cultivated soil. 


REVIEW OF LITERATURE 


It is well known that seeds of many weeds and some crop plants 
will not germinate readily soon after they mature (13). Seeds of some 
species will germinate in a month or so, and others may require many 
years before all the seeds germinate (2). There is also the problem 


of induced dormancy in seeds (4). It is thought by some that when 
seeds are buried deep in the soil, as by plowing, they are thrown into 
dormancy (8). 

Popular opinion and results of experiments on the longevity of 
wild oat seeds in the soil are decades apart. Many farmers believe 
that once a soil becomes infested with wild oats, a certain percentage 
of the seeds retain their viability for many years. In most cases wild 
oats seeds placed in soil either germinate or rot in a few years 
(1, 2, 9, 10, 13, 14). 

Toole and Brown (13) reporting on the Duvel buried seed experi- 
ment showed no further emergence of wild oats after one year. Wal- 
dron (14) reported that wild oats buried in the soil were practi- 
cally all dead in 20 months. Thurston (9) found no further emerg- 
ence of wild oats after three years when buried in pot experiments, 
and only slightly longer for those buried in the field. Chepil (2) found 
that a few wild oat seedlings emerged in cultivated soil in the fourth 
year, but none after that. Cates (1) reported that wild oats would 
not survive more than two years in heavy clay soils in the Red River 
Valley of North Dakota, but would survive for four to six years in 
drier sandy soils in the western part of the state. 

Thurston (10) reported that wild oats survived for five years in a 
cultivated field at Rothamsted Experiment Station. Leighty,* using 
~ ¥fournal Paper No. 164 from the Utah Agricultural Experiment Station. 

*Professor, Department of Agronomy, Utah State University, Logan, Utah. 

*Leighty, David H. Dormancy and germination studies of the wild oat (Avena 
fatua). Master's Thesis, Montana State College, Bozeman. 1958. 
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a strain of wild oats known to have a high degree of dormancy, 
reported an average of 15 per cent live seeds after being buried fon 
three years under sod compared with 3 per cent survival for those in 
cultivated soil. 

Collections from different areas are highly variable in their degree 
of dormancy, and wide variation exists among strains even within 
the same locality* (5, 12). Dormancy can also be induced in wild oat 
seeds (4, 6). 

Dormancy in rye and wheat either does not exist or is of short 
duration (3, 7, 13). Neither rye nor wheat survived one year in soil 
in the Duvel buried seed experiment (13). Deming and Robertson 
(3) reported a selection of Marquis wheat which had a seed dormancy 
of about 10 days; however, seeds of Kanred, Kubanka, and Federa- 
tion had no dormancy. They stated that a few individual seeds on 
blotter paper germinated after 500 days. Whether such seeds would 
have persisted in soil for this length of time is not known. 

Larson et al. (7) found great variation in seed dormancy of wheat 
varieties and little or no dormancy in seeds of rye. He found that 
dormancy in wheat was increased by immaturity and by holding 
seeds at low temperatures. He also concluded that winter wheats had 
a shorter dormancy than spring wheats. A number of spring varieties 
cut when ripe and stored at 14° C. had a dormancy period of about 
23 days. 

METHODS AND MATERIALS 


The experiment consisted of burying seeds of wild oats, winter rye, 
and winter wheat in soil on the Greenville Farm in North Logan, 
Utah, in late October of 1950, to depths of 1, 3, and 6 inches. All 
seeds were of the current crop. Wild oats were obtained from five 
sources, rye from three, and the wheat used was the variety Cache. 
Seeds of one kind, from the different sources, were mixed before 
being placed in the soil. Seeds were placed in the soil at the following 
rates to the acre: wild oats 3 bushels, winter rye 1.5 bushels, and win- 
ter wheat slightly over 2 bushels. There were approximately 3600 
seeds per plot of wild oats, and rye, and 2400 of wheat. Plots were 6 
by 12 feet with 7 rows on each. Each plot was devoted to one crop at 
one depth. Plots were separated on all sides by a 3-foot alleyway. 
Each treatment was replicated 4 times. The area was not irrigated 
after the seeds were placed in the soil. Annual precipitation at the 
farm averages about 17 inches, with litthe coming during the summe) 
months. Conditions were therefore more those of dry than of irri- 
gated farming. The experimental area was not tilled during the 
first year. In late November of 1951, a year after the experiment was 
started, the area was plowed to a depth of 7 to 8 inches. The follow- 
ing spring it was cultivated as is done in preparing a seedbed fon 
planting, but no crop was planted. This procedure, consisting of fall 
plowing and preparing a seedbed in the spring, was followed each 
year. Periodically the plants that had emerged were pulled, counted, 


‘Haun, C. R. Dormancy and germination studies of the wild oat (Avena fatua 
Master's Thesis, Montana State College, Bozeman. 1956. 
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and then destroyed. The experimental area was examined at inter- 
vals for several vears after the experiment terminated to observe if 
any additional plants of wild oats, rye, or wheat emerged. 


RESULTS 


Germination tests were made on the seed in the fall of 1950 at the 
time they were placed in the soil. Only 20 per cent of the wild oat 
seeds germinated, whereas 81 per cent of the rye, and 90 per cent of 
the wheat germinated. 


Wild oats. 


All seedlings of wild oats had either emerged or the seed pre- 
sumed rotted by June of the third year (Table 1). In fact, all but a 


Table 1. Number of wild oat, rye, and wheat seedlings emerging per plot 
by periods. 


Depth of seed in soil the first year 


1 inch 3 inch 6 inch 
Wild oats seedlings 


Oct. 1950—-Nov. 1950 
Nov. 1950—-Aug. 1951 
Aug. 1951—Nov. 1951 
Nov. 1951—May 1952 
May 1952-July 1952 
July 1952—Nov. 1952 
Nov. 1952-June 1953 


June 1953-—Nov. 1954 


Total 


Percentage emerged 


Rye seedlings 


Oct. 1950—Nov. 1950 
Nov. 1950-Aug. 1951 
Aug. 1951-—Nov. 1951 
Nov. 1951—Nov. 1952 


Total 


Percentage emerged 


Wheat seedlings 


Oct. 1950—-Nov. 1950 1804 
Nov. 1950-Aug. 1951 0 
Aug. 1951—Nov. 1951 0 
Nov. 1951-Nov. 1952 0 


Total 1804 
Percentage emerged 7s 


small percentage of the seedlings emerged within a month after they 
were placed in the soil. 

As the depth at which the seeds were placed in the soil the first 
year increased, the number of seedlings that emerged decreased. 
Only one-tenth as many seedlings emerged at 6 inches as at | inch. 

Seasonal emergence was somewhat similar for seeds placed at differ- 
ent depth during the first year of the experiment. 

Since most of the wild oats seeds emerged in the fall soon after 
being placed in the soil, it was not possible to gain much information 
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on seasonal emergence, although they did tend to emerge more in the 
fall than in the spring. Total percentage of wild oats seeds emerging 
was relatively low, particularly when placed 6 inches deep. 
Winter rye. 

Winter rye persisted for a shorter time in the soil than did wild 
oats. All but a few seedlings of rye emerged within a month after 
planting (Table 1). 

A few seedlings emerged at the one inch depth between August 
and November near the end of the first year. It is possible that these 
few seedlings, under field conditions, would have been eliminated 
before planting time for wheat which is usually in late September 
or early October. 

Of the rye seeds placed in the soil, 54 per cent emerged as seedlings 
from the l-inch depth, 39 per cent from the 3-inch depth, and | 
per cent from the 6-inch depth. 

Deep placement of rye seeds for one year in soil encouraged them 
to germinate without emerging or presumed rotted rather than 
inducing dormancy and prolonging their presence in the soil. 


Winter wheat. 

Winter wheat seeds placed in the soil gave results similar to those 
of rye (Table 1). Both had a short period of viability in soil. Few 
seedlings of wheat emerged after the first month. 

As with wild oats and rye, the deeper wheat was placed in soil, 
the fewer seedlings that emerged. Emergence of wheat placed in soil 
for one year at one-inch was 75 per cent, at 3 inches 61 per cent, and 
at 6 inches 3 per cent. 

SUMMARY 

Seeds of wild oats, winter rye, and winter wheat were sown in late 
October of 1950, at 1, 3, and 6 inch depths for one year. The land 
was fall plowed one year later and thereafter and spring tilled each 
year. Most of the seedlings of the 3 species emerged within a month 
after seeding. A small percentage of wild oat seeds persisted up to 
June of the third year. A few seeds of winter rye and wheat persisted 
in the soil for almost a year. The deeper the seeds were placed in 
soil, the fewer the seedlings emerged. Wild oats showed more of a 
tendency to emerge in the fall than in the spring. 
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Movement of Herbicides in Soil with Simulated 
Furrow Irrigation’ 


FLoyp M. AsHTon? 


bt use of herbicides in row crops in areas where furrow irrigation 
is used presents unique conditions for the use of soil applied 
herbicides (1). Pre-emergence herbicides have not been as uniformly 
successful under arid irrigated conditions as they have been in areas 
of frequent rainfall (2). Soil incorporation of many herbicides in the 
top few inches of soil has resulted in improved performance under 
furrow irrigation (1, 2, 9, 10). 

Four substituted urea herbicides are now considerably used: 3—(p- 
chlorophenyl)—1,1—dimethylurea (monuron), 3—phenyl—1,1—dimethyl- 
urea (fenuron), 3-—(3,4—dichloropheny!)—1,l—dimethylurea (diur- 
on), and 1—n—butyl-3(3, 4—dichlorophenyl)- l-methylurea (neburon). 
These four herbicides are similar in chemical structure, but afford a 
wide range of water solubilities and adsorptive properties. The wate: 
solubilities of fenuron, monuron, diuron, and neburon are 2900 ppm, 
230 ppm, 34 ppm and 5 ppm, respectively (5, 11). Coggins and Crafts 
(6) reported the relative adsorption of these compounds on bentonite 
clay as neburon > diuron > monuron > fenuron. Several workers 
(8, 11, 13) have reported that the amount of clay or organic matte 
in soils influences the effectiveness of these herbicides. This is due to 
the fact that clay and organic matter adsorb these herbicides so 
tenaciously that a portion of the applied material is biologically 
inactive. The substituted urea herbicides were used in this study 
because of their similarity in chemical structure, but diversity in 
water solubilities and adsorptive properties. 

Simazine (4—chloro—4,6—bis(ethylamino)—s—triazine), atrazine (2- 
chloro—4—ethylamino—6—isopropylamino-—s—triazine) and atratone (2- 
methoxy—4—ethylamino—6—isopropylamino-—s-triazine) are similar in 
chemical structure, but vary considerably in water solubilities; 5, 70, 
and 1800 ppm, respectively (3). The triazine studies were conducted 
to confirm and extend the conclusions of the substituted urea study 
by the use of a different group of herbicides, as well as to study the 
movement of soil incorporated herbicides under furrow irrigation. 

The studies presented here have the object of developing basic 
information on the movement of herbicides in soils with furrow 
irrigation, to enable more intelligent use of herbicides under these 
conditions. 


METHODS 


Substituted ureas. This study was conducted in the greenhouse under 
simulated furrow conditions using a one-fourth scale model system. 
The three soils used were Yolo sandy loam, Sacramento clay, and 

‘Received for publication Jan. 9, 1961. Preliminary report in Research Progress 


Reports, WWCC, p. 56, March 18-19, 1959. 
* Assistant Professor Agricultural Botany, University of California, Davis. 
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Staten Island peaty muck; the moisture equivalents were 30.2, 43.3 
and 69.0 per cent, respectively. The experiments were conducted in 
marine plywood boxes 12 inches wide, 18 inches deep, and 24 inches 
long (Figure 1). One side of the box, 12 inches by 18 inches, was glass. 
This permitted the observation of the wetting front as the irrigation 
proceeded. The box was filled to within two inches of the top with 


Figure 1. Soil box used in studies showing the device for 
maintaining constant level of water in the furrow during 
irrigation and a grid indicating the soil samples taken 
for the bio-assay. The herbicide was applied as a band 
on sections D and I. 
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dried soil, which had been screened through a one-eighth inch screen. 
The soil was stirred with an iron rod to obtain uniform compaction. 
The V-shaped furrow, one and one-half inches deep and three inches 
wide, was placed in the center of the 12-inch dimension and was 24 
inches long. 

The herbicides were applied to the surface of the soil in a band 
one inch wide and one-half inch from the edge of the furrow at the 
rate of ten pounds per acre. The water was added to the furrow by 
means of a constant leveling device which maintained the level of 
water in the furrow three-fourths full. The irrigation was terminated 
when the wetting front reached the outside edge of the soil mass at 
the soil surface. This was 0.66 acre-inches for Yolo sandy loam, 1.0 
acre-inches for Sacramento clay, and 2.5 acre-inches for Staten Island 
peaty muck. The soil samples were taken 48 hours after irrigation, 
at this time the movement of the water front had stopped. 

The concentration of herbicide in the various sections of the soil 

mass was determined by a bio-assay. The method was similar to the 
one previously described by Crafts (7). Twelve Kanota oat seeds were 
planted in the surface of the test soil which was in seven ounce paper 
cups. The treatments were thinned to 10 uniform plants 10 days after 
planting. Fresh weights of the plants were taken 28 days after plant- 
ing. The plants were watered daily with a sufficient amount to main- 
tain good growth, but avoid flooding. No leaching from the cups 
occurred since they were not open at the bottom. The experiments 
were conducted twice and the data are means of the two runs. The 
sections of soil bio-assayed after the furrow irrigation were blocks one 
inch by 18 inches; the long distance was parallel to the furrow. The 
entire wet area of the soil mass was sampled and bio-assayed. There- 
fore, in cross-section of the bed and furrow, each square inch of the 
wet area of soil was sampled and bio-assayed. Standard curves were 
constructed from data obtained from plants grown in the test soil 
with known amounts of the herbicide. The standards were run simul- 
taneously with the treatments. The standards were replicated three 
times. 
Triazines. The experimental techniques were very similar to those in 
the substituted urea study except in one-half of the experiments this 
band of herbicide was incorporated to the depth of one inch by 
removing this soil mass, thoroughly mixing the soil and herbicide, 
and then replacing it. Two acre-inches of water were applied via 
the furrow by means of a constant leveling device which maintained 
the level of water in the furrow three-fourths full. The soil used in 
this study was Yolo sandy loam. The herbicides were applied in the 
one inch band at the rate of ten pounds per acre. 

The soil samples were taken 48 hours after the irrigation, at this 
time the movement at the water front had stopped. The soil was bio- 
assayed in the usual manner using Kanota oats (7). The experiments 
were run in duplicate and the data are means of the two runs. 
Standard curves were constructed from the data obtained from 
plants grown in the test soil with known amounts of the herbicide 
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The standards were run simultaneously with the treatments. The 
standards were replicated three times. 


RESULTS AND DISCUSSION 


Substituted ureas. Detectable amount of the herbicides were not 
found below the top inch of soil in any of the treatments (Figure 2). 
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Figure 2. Movement of four substituted urea herbicides 
with simulated furrow irrigation. The numbers indi 
cate the fresh weight in grams from the bio-assay. The 
stippled areas indicate reductions in weight greater than 
50 per cent of the control. 
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Therefore, this study indicates that herbicides applied to the surface 
of soils and subjected to furrow irrigation in the absence of rain o1 
overhead irrigation, remains close to the surface. Since weed seeds 
germinate from greater depths than those to which the surface- 
applied herbicides move, and most pre-emergence herbicides are 
most effective when in close proximity of the germinating weed 
seed, the lack of vertical penetration of surface-applied pre-emergence 
herbicides is undoubtedly a major factor in their erratic performance 
under furrow irrigation. Due to the absence of vertical penetration 
of the herbicides, the detailed data below the top inch of soil is 
omitted. 

The lateral movement of the four herbicides in these three soil 
types in the top inch of soil is presented in Figure 2. The data are 
presented numerically as total fresh weight, mean of the two repli- 
cations, and graphically by stippling those areas in which the concen- 
tration of herbicide was greater than that amount required to reduce 
the total fresh weight more than 50 per cent of the controls. The 
standard values in Table | are presented to enable the reader to 
relate the total fresh weight to ppm of the herbicides. 


Table 1. Standard concentration values expressed total fresh weight of oats 
in grams. Mean of three replications. 


centra- Fenuron Monuron Diuron Neburon 
thon 


PPM SC» |SIPM« ‘SL sc SIPM!; YSL | ; SIPM| YSI SIPM 


0 | 2.9 1.5 
0.032 
0.063 
0.115 
0.188 
0.250 
0.500 
0.750 
1.00 
1.25 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 
10.00 


NNV ENV 


*YSL = Yolo sandy loam 
SC = Sacramento clay 
*SIPM = Staten Island peaty muck 


Each of the four herbicides moved the greatest lateral distance in 
Yolo sandy loam, the least lateral distance in Staten Island peaty 
muck, and an intermediate distance in Sacramento clay. This is even 
more striking considering the fact that the most adsorptive soil, 
Staten Island peaty muck, had four times the amount of water 
applied to it as the least adsorptive soil, Yolo sandy loam. This was 
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in the predicted order based on the adsorptive properties of the 
three soil types. 

In any one soil type the lateral movement of fenuron > monuron 

> diuron > neburon. This was in the predicted order based on the 
herbicide water solubility and adsorptive properties. However, the 
extent of lateral movement was considerably less than might be pre- 
dicted on the basis of water solubility alone. This is particularly true 
of fenuron. In similar studies with inorganic ions, soluble ions moved 
very close to the water front (4). This suggests that the adsorptive 
properties of these molecules are more important in determining 
their movement in soils than their water solubilities. 
Triazines. When the three triazine herbicides were applied as a band 
to the surface of the soil and subjected to furrow irrigation, they 
were not found in detectable amounts below the top inch of soil 
(Figure 3). Since one inch was the minimum depth of sampling, it 
follows that herbicides applied to the surface of soil and subjected 
to furrow irrigation, in the absence of rain or overhead irrigation, 
remains near the surface. This is in agreement with the studies with 
the substituted urea herbicides. 

When these three triazines were applied as an incorporated band 
and subjected to furrow irrigation, they not only moved laterally, 
but also downward (Figure 3). However, they did not move below 
the 2-inch depth in detectable amounts. The fact that the 1- and 
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Figure 3. Movement of surface and soil incorporated appli- 
cations of three triazine herbicides with simulated fur- 
row irrigation. The stippled areas indicate reductions 
in weight greater than 50 per cent of the control. 
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2-inch depth immediately below the incorporated zone probably 
contained very little herbicide indicated the marked lateral move- 
ment as contrasted with less vertical movement with furrow irriga- 
tion even when the herbicide was incorporated into the soil. This 
was quite apparent with simazine and atrazine, but somewhat less 
obvious with atratone. 

The extent of the lateral movement of the three triazine herbicides 
was in order of their water solubilities. Atratone moved the greatest 
distance and simazine moved the least while atrazine moved an 
intermediate distance. This was very apparent with the surface 
application. The difference between atrazine and atratone was not 
clearly evident with the incorporated application, but the difference 
between simazine and the other two triazines was quite apparent. 

The standard curves are shown in Figure 4 to enable the reader 
to relate the fresh weight values to ppm of herbicide. 
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Figure 4. Standard concentration curves for three triazine 
herbicides using oats as the test species. Mean of threc 
replications. 





SUMMARY 


Band applications of substituted urea herbicides applied to the 
surface of soil under simulated furrow irrigation remained near the 
soil surface, but moved laterally during irrigation. 
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The lateral movement of each of the four herbicides was Yolo 
sandy loam > Sacramento clay > Staten Island peaty muck. In each 
soil type the lateral movement of fenuron > monuron > diuron > 
neburon. 

When three triazine herbicides were applied as soil incorporation 
treatments, there was some downward movement; however, the lat- 
eral movement was more extensive. The extent of the lateral move- 
ment of these three herbicides was in order of their water solubilities 
in both surface and incorporated applications. Atratone moved the 
greatest distance and simazine moved the least while atrazine moved 
an intermediate distance. 
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Effects of 2,3,6—Trichlorobenzoic Acid and Cultural 
Treatments on Survival of Dalmatian Toadflax 
and Establishment of Siberian Wheatgrass’ 


W. C. Rospocker, Di_Ltarp H. Gates, and HAro.tp D. Kerr? 


ip yee eon toadflax (Linaria dalmatica (L.) Mill.), a native of 
southeast Europe (1), has acquired a firm position in some plant 
communities in northeastern Washington. The first herbarium speci- 
men for Washington State University was collected in 1926 on the 
Little Spokane River near the city of Spokane. Since that time, it has 
invaded a considerable area of northeastern Washington, and scat- 
tered patches appear over much of the eastern half of the State. In 
1954 the estimated acreage was 30,000. Dalmatian toadflax has now 
spread into Idaho, western Montana, and Oregon. It also occurs in 
the prairie provinces and inter-mountain regions of Canada (6) and 
has been reported near Flagstaff, Arizona.* 

Dalmatian toadflax is a prolific seed producert and seems to be 
well adapted to the droughty soils where it is now found. This plant 
has a long flowering and fruiting period, plus the characteristics of 
unpalatability and aggressiveness necessary to make it a widespread 
and serious range pest. 

Large areas once dominated by St. Johnswort (Hypericum per- 
foratum L.) are now nearly devoid of this weed following destruc- 
tion by the St. Johnswort beetles (C hrysolina spp.). These denuded 
areas are potential sites for establishment of Dalmatian toadflax as 
well as desirable range species. The management of these areas to 
favor establishment of forage species thus becomes a matter of 
primary concern. 

A previous study (4) on competition of newly seeded forage grasses 
and Dalmatian toadflax indicated that soil disturbance or seedbed 
preparation was as essential for the toadflax as for the planted grasses. 
Both, under the same conditions, became established with little com- 
petition between the toadflax and the seeded species. Once estab- 
lished, the habit of spreading by lateral roots near the soil surface, 
from which adventitious buds arise, becomes a decided advantage 
to the toadflax. 

Lange and Wolfe (7) found that 2 to 3 Ib of a borate-chlorate 
mixture per 300 square feet was a satisfactory control measure for 
Dalmatian toadflax when applied from August through November. 
Lange ( (6) reported that the propylene glycol butyl ether ester of 


‘Received for publication Jan. 16, 1961. Cooperative investigations of the Crops 
Research Division, Agricultural Research Service, U. S. Department of Agriculture 
and the Washington Agricultural Experiment Stations. Scientific Paper No. 2017, 
Washington Agricultural Experiment Stations, Pullman. 

*Research Agronomist, Range conservationist (Research), and Research Agrono- 
mist, respectively, Crops Research Division, Agricultural Research Service, U. S. 
Department of Agriculture, Pullman, Washington. 

“Gaines, Xerpha M. 1960. Personal communication. 

*Alex, Jack. 1960. Ph.D. thesis, Washington State University. 
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2,4-dichlorophenoxyacetic acid (2,4—-D) was the best of the chlori- 
nated phenoxy compounds tested, but results were not consistent. 
Muzik et al. (8) indicated that the sodium salt of 2,3,6—-trichloroben- 
zoic acid (2,3,6-TBA) applied at 2 Ib/A in early July was an effective 
control for Dalmatian toadflax. 


METHODS AND MATERIALS 


A study involving 1, 2, and 3 Ib/A of 2,3,6-TBA in combination 
with no cultural treatment, one mowing, one disking an¢g.two disk- 
ings following application of the herbicide on Dalmatia&® toadflax 
was begun in the summer of 1958. The study was conducted on aban- 
doned farmland in a sandy area immediately north of Spokane, 
Washington in the Pinus ponderosa—Agropyron spicatum associa- 
tion. Native grasses and forbs had become re-established to some 
extent, and together with Dalmatian toadflax and downy brome 
(cheatgrass) (Bromus tectorum L.), formed the dominant aspect. 

The experimental study was a split plot design with cultural treat- 
ments as main plots and rates of 2,3,6-TBA as sub-plots. Sub-plots 
were 10 by 30 feet. A uniform seeding of Siberian wheatgrass (Agropy- 
ron sibiricum (Willd.) Beauv.) was made to evaluate the effects of 
the cultural treatments and herbicide on establishment in a revege- 
tation study. 

The 2,3,6-TBA was applied in 20 gpa of water May 22, 1958 when 
the Dalmatian toadflax was in early bloom. Appropriate plots were 
mowed and cultivated on June 17 and the second cultivation was 
made on August 5. Toadflax was sampled by crown counts in a 1- by 
20-foot belt transect in the spring of 1960. The Siberian wheatgrass 
was seeded in rows 18 inches apart on December 3, 1958. Seedlings 
were counted in May 1959, and established plants were counted in 
6 feet of row per plot in April 1960. 

The data taken in 1960 were subjected to analysis of variance on 
a transformed scale of the square root of X for the toadflax and the 
square root of (X + 1%) for the wheatgrass. Significant differences 
were calculated on the basis of Duncan's multiple range test (3) on 
the transformed values. Actual values are presented in the tables. 

In addition to sampling the Siberian wheatgrass and Dalmatian 
toadflax on an individual species basis, the entire vegetation complex 
was sampled by the canopy coverage method of Daubenmire (2). 
Ten sampling frames placed at random were read on each plot, and 
the estimated percentage cover of each species present in the frame 
was recorded independently from all other species. 


RESULTS AND DISCUSSION 


The initial effect of the 2,3,6-TBA on Dalmatian toadflax was 
slow in appearing, but the effects of treatments in 1958 were still 
visible in the spring of 1959. The results of cultural and herbicidal 
treatments on Dalmatian toadflax in 1959 are shown in Table |. 

From Tabie |, Siberian wheatgrass seedlings and toadflax seedlings 
increased with intensity of cultural treatment. Conversely, the num- 
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Table 1, Average numbers of Siberian wheatgrass seedlings per 6 feet of row, and 
Dalmatian toadflax seedlings and stems from old toadfiax plants in 1- x 20-foot 
transects in 1959. 








Wheatgrass Toadfiax Toad flax 


Treatment : 
seedlings* | seedlings” stems®*® 


Cultural 
None 
Mowing 
One disking 
Two diskings 


2,3,6-TBA, Ib/A 





*Average of 24 plots, May 14, 1959. 
bAverage of 36 plots, October 2, 1959 


ber of stems from old toadflax plants decreased with more intensive 
cultivation. Over all the cultural treatments, use of the herbicide 
caused no significant change in number of wheatgrass seedlings, a 
sharp increase in number of toadflax seedlings when comparing the 
untreated with the 3-lb/A rate (because of downy brome control), 
and a consistent decrease in the number of stems of old plants. 
Additional readings were taken in the spring of 1960. The effects 
of both cultural treatments and 2,3,6-TBA on the stand of Dal- 
matian toadflax are shown in Table 2. Analysis of variance showed 


Table 2. Average number of Dalmatian toadflax plants in 1- < 20-foot transects 
in plots treated with 2,3,6-TBA and different cultural practices, 2 years after 
treatment. 








Cultural treatments 
2,3,6-TBA, Ib/A Significance*® 
One Two 01 


None Mowing disking diskings | 


19 9 6 
15 20 | 16 

19 | 32 
16 as 


| 
| 


Average naw | 16 23 28 } 


| 





*Averages from rates of 2,3,6-TBA not identified with the same letter are significantly different 
at the indicated level of probability 


there were no significant differences at the 5 percent level in effects 
of the cultural treatments on the total number of established Dal- 
matian toadflax plants. However, a trend toward a higher toadflax 
population with increased cultivation is indicated. A highly sig- 
nificant increase occurred with increasing rates of 2,3,6-TBA over 
all cultural treatments. 

These increases in toadflax were due principally to the survival of 
seedlings, even though there was a general decrease in the number 
of old plants. The interaction of cultural treatments and rates of 
2,3,6-T BA was also highly significant. As shown in Table 2, a definite 
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decrease in toadflax with increasing rates of 2,3,6-TBA occurred 
where the soil was not disturbed. Conversely, the more the soil was 
disturbed and the better the seedbed prepared, the greater was the 
survival of toadflax with increasing rates of 2,3,6-TBA. Mowing 
caused little change in toadflax numbers. 

More intensive cultivation following application of 2,3,6-TBA at 
2 and 3 Ib/A resulted in a much better stand of Siberian wheatgrass 
than on plots receiving only cultivation or herbicide treatments 
alone (Table 3). Neither herbicide with no cultivation nor cultiva- 


Table 3, Average number of plants of Siberian wheatgrass per 6 feet of row two 
seasons after drilling, as affected by 2,3,6-TBA and cultural treatments. 


Cultural treatments 
Significance*® 
01 


2,3,6-TBA, Ib/A ' 
| One Two 


None Mowing | disking | diskings 


0 T Tr 
6 
11 
16 


1 
2 
3 


Average 5 8 
Significance .05* : a ab b 


*Averages of herbicide rates or cultural treatments not identified with the same letter are signifi- 
cantly different at the indicated levels of probability 


tion without herbicide were effective in promoting establishment of 
a desirable stand of wheatgrass, while use of both resulted in improve- 
ment in grass stands. Variations in stands of grass in the mowed and 
uncultivated plots were accentuated by difficulties of seeding uni- 
formly in bunchgrass sod. Statistical analysis showing a significant 


Figure 1. Differential stand of downy brome subjected to 
two diskings and 2,3,6-TBA at | Ib/A (left) and 3 Ib/A 
(right) in summer of 1958. Photographed November 
1959. 
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interaction of cultural and herbicidal treatments in grass stand 
establishment verified this conclusion. The increased numbers of 
both Dalmatian toadflax and Siberian wheatgrass seedlings reflected 
a better seedbed with decreased competition from other vegetation, 
principally downy brome (Figure 1). No residual effect of the 2,3,6- 
TBA was noted on the Siberian wheatgrass or on germination and 
seedling survival of toadflax. 

Results of the estimated coverage readings of the major species in 
the total vegetation complex are presented in Table 4. In addition 


Table 4. Average estimated percentage cover by major unplanted species occupy- 
ing the experimental area in April 1960, as affected by cultural and 2,3,6-TBA 
treatments applied in 1958.* 








| 
Cultural treatments 


Species | | Mowing 1 disking | 2 diskings 





Average 
3 0 3 


Annuals 
Apera interrupta (L.) Beauv. 
Bromus tectorum L. 
Draba verna 1 
Holosteum umbellatum L. 
Microsteris gracilis (Hook.) Greene} 
Veronica arvensis L. | 
Perennials 
Achillea millefolium L. 
Agropyron spicatum (Pursh) 
Scribn. & Smith 
Festuca idahoensis (Elmer) 
Koeleria cristata (L.) Pers. 
Linaria dalmatica (L.) Mill 
Lithophragma parviflora (Hook.) 
Nutt 
Lupinus spp. 
Poa compressa L. 
Ranunculus spp. 
Rumex acetosella L. 


~_— = 
owu 


2NN 


San= 


NVUNWwWw 


4 


i 


| 


Average. 





*Average of 6 plots with 10 sampling-frame readings per plot. 
>Cultural treatment without herbicide. 
“Cultural treatment plus 3 Ib/A of 2,3,6-TBA. 


to the 16 species or genera listed in the table, an additional 17 species 
of less importance had an average cover of 1.8 and 2.2 percent on 
plots of 0 and 3 lb/A of 2,3,6-TBA, respectively. 

An over-all evaluation of the residual effects of cultural and 
chemical treatments indicates that the total vegetative cover changed 
very little, although some species had decreased and others had 
increased. Most important from the standpoint of competition was 
the effect on downy brome. Cultivation resulted in a greatly increased 
stand while 3 lb/A of 2,3,6-TBA markedly reduced it. Previous work 
by Klingman and Kerr (5) indicated the efficacy of 2,3,6-TBA in 
control of annual bromegrasses. Cultivation in general was distinctly 
harmful to perennial grasses, although Canada bluegrass (Poa com- 
pressa L.) withstood cultivation better than three other species listed. 
Cultivation caused no striking changes in the annual forbs. A general 
trend toward a reduction in numbers of perennial forbs was 
apparent. 
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The use of herbicide without cultivation favored the perennial 
grasses over the annual grasses and resulted in no general increase 
in annual forbs, while the perennial forbs were decidedly decreased. 

Two factors which enter into the trend of survival of many of the 
species are early maturity, with consequent escape from injury by 
herbicide, and the presence in the soil of dormant seeds which prob- 
ably were not affected by 2,3,6-TBA. These dormant seeds were 
brought into a favorable environment by cultivation. It is difficult to 
predict what the results might have been had the herbicide been 
applied 6 weeks sooner, after cultivation, or both. 


SUMMARY AND CONCLUSIONS 


Dalmatian toadflax (Linaria dalmatica) was treated with applica- 
tions of 0, 1, 2, and 3 Ib/A of 2,3,6-TBA in combination with no 
cultural treatment, mowing, one disking, and two diskings on experi- 
mental plots established near Spokane, Washington, in the summer 
of 1958. The plots were seeded to Siberian wheatgrass (Agropyron 
sibiricum) in December 1958. 

Both Dalmatian toadflax and Siberian wheatgrass increased with 
intensity of cultural treatments. The increase in Siberian wheatgrass 
was statistically significant. Highly significant increases of both estab- 
lished toadflax and wheatgrass plants occurred with increasing rates 
of 2,3,6-TBA. Interaction of cultural and herbicidal treatments was 
also significant. The increase in numbers of toadflax and wheatgrass 
plants was due largely to survival of seedlings of both species as a 
result of seedbed preparation and partial control of downy brome 
(Bromus tectorum) by the 2,3,6-TBA. 

The combination of 2,3,6-TBA and cultivation did not materially 
change the total vegetative cover of the experimental site. Adverse 
effects of cultivation on some species were offset by beneficial effects 
of 2,3,6—-TBA in aiding establishment and persistence of other species. 
The stand of downy brome was reduced by 2,3,6—-TBA. 
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Translocation of Dalapon in Yellow Nutsedge 
(Cyperus esculentus)' 
W. J. Samak? 


ferent nutsedge (Cyperus esculentus L.) is one of the most serious 
weeds in New York State. This weed has an extensive distribu- 
tion in the state where it is a strong competitor with row crops 
especially corn, beans, and potatoes. Nutsedge is also an important 
weed problem in many other leading agricultural areas of the United 
States (3, 5). The problem in all of these areas has increased recently, 
possibly due to a reduction of competition from other weeds which 
are being satisfactorily controlled by selective herbicides. 

The predominant feature of control attempts using herbicides has 
been an inexplicable variability of response obtained. In field experi- 
ments conducted by the author in New York State in 1956, the 
sodium salt of 2,2-dichloropropionic acid (dalapon) gave complete 
control of nutsedge at only two of four locations. At each location 
dalapon was applied at similar rates when the nutsedge plants were 
4 inches in height. All areas were harrowed approximately 2 weeks 
after spraying. Neither soil type nor genotypic differences appeared 
to be correlated with the degree of control obtained. This suggested 
the possibility that there might be differences in the extent of dalapon 
translocation within the plant, particularly to the parent tuber, 
which could account for the variable field control. 

Santelmann and Willard (9) reported that in quackgrass (Agropy- 
ron repens L. Beauv.) dalapon was translocated with equal efficiency 
from soil and foliage applications. Translocation was reduced when 
dalapon was applied to plants in the dark. This transport was not 
increased if dalapon was applied in a 10 per cent sucrose solution. 
They concluded that dalapon was transported with photosynthates, 
but that this was not the only means of transport. 

Wilkinson® found that little dalapon moved out of treated leaves 
of 2 and 3 week old barley plants after an 8 hour absorption period. 
Upward movement, presumably in the transpiration stream, was 
observed at all growth stages. The author hypothesized that basipetal 
movement in young grass leaves stopped at a zone of intercalary 
meristem at the base of the leaf. He proposed that dalapon was 
absorbed from the small sieve members of the phloem by the cells 
immediately surrounding them. Further anatomical studies are 
required to substantiate this hypothesis. 


‘Received for publication Jan. 19, 1961. Part of a thesis submitted to the 
Faculty of the Graduate School of Cornell University in partial fulfillment of the 
requirements for the degree Doctor of Philosophy. 

“Research Officer, Plant Research Institute, Ottawa, Ontario. Formerly Gradu- 
ate Assistant, Department of Vegetable Crops, Cornell University, Ithaca, New 
York. 

*The physiological activity of 2,2-dichloropropionic acid. Unpublished Ph.D. 
thesis, Univ. of California. 1957. 
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Laning (8) employed autoradiographic and radioassay techniques 
to show that absorption of dalapon—2-C'™ by leaves of sweet corn 
and beans was as complete after 2 hours as after 7 days. Increasing 
the rate of dalapon—C"™ resulted in a decrease of C'* translocated 
from the treated area. The C'* movement was primarily towards 
rapidly developing tissue which suggested that the C'* moved in 
conjunction with the photosynthates. 

Crafts and Foy (3) observed a very slow but continual absorption 
of dalapon—C"*. Less than 2 per cent of the applied dalapon was 
translocated out of the treated leaf section in 8 hours and only 20 
to 30 per cent moved out after 2 weeks. An increased translocation 
of C'™ was observed with increased age in sorghum leaves. C™ trans- 
port was reduced at concentrations that resulted in contact injury. 
They concluded that translocation of dalapon was linked with the 
movement of food materials to regions of high metabolic activity 
and of food storage. 

The results of Crafts and Foy were corroborated by Blanchard, 
Muelder and Smith (1). In addition, they found no evidence of any 
breakdown products of dalapon in extracts of soybean and corn 
plants 4 and 11 days after absorption of dalapon—C". 


MATERIALS AND METHODS 


The nutsedge and quackgrass plants used were obtained from 
tubers and rhizomes harvested from the field. Both tubers and rhi- 
zomes were planted 1% in below the soil surface in clay pots. The 
plants were grown in a greenhouse with a maximum day tempera- 
ture of 80° F and a minimum night temperature of 70° F. Supple- 
mentary light provided 300 foot candles from 7 a.m. to 7 p.m. 

In one experiment nutsedge plants were grown in vials. Uniform 
plants, selected 2 weeks after tubers had been placed in a germina- 
tion tray, were transferred to petri plates containing 20 ml of water. 
After an additional week the plants with their intact root systems 
were placed in 15 x 60 mm Pyrex glass specimen vials containing 2 
ml of distilled water. The vials were then moved to the greenhouse 
where they were held for a week prior to treatment. By this time the 
plants had sufficient root growth that when 2 ml of dalapon—C™ 
solution was added to the vials, the roots but not the tubers came in 
contact with the solution. The vials were stoppered with cotton to 
reduce evaporation losses. 

The radioactive dalapon* employed was labeled in the 2-position 
with C'™ and had an original specific activity of one mc per mM. This 
was used to make 10 and 20 ppm dalapon—C"™ stock solutions with 
Triton X-155° added at 0.1 per cent as a wetting agent. For other 
concentrations non-radioactive dalapon was added in appropriate 
amounts to the radioactive stock solution. In experiments where two 
dalapon concentrations were used, counts were adjusted for differ- 
ences in specific activity of the solutions. 

‘Supplied through the courtesy of the Dow Chemical Company, Midland, Mich 

‘Supplied through the courtesy of the Rohm and Haas Company, New York, 
N. Y. 
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A direct counting procedure was used in studying the C'* move- 
ment, based essentially on a method developed by Smith (10). The 
first step in the procedure was the determination of the total fresh 
weight of the plant part to be assayed. Leaf, stem, or root samples 
were cut into small sections using sharp scissors, while tuber samples 
were finely chopped with a knife. Subsamples of 100 mg were mac- 
erated in a Corning Glass tissue homogenizer with | ml of water 
added prior to grinding. The homogenate was poured into a 15 ml 
centrifuge tube. The homogenizer was then rinsed with | ml of dis- 
tilled water which was added to the homogenate in the centrifuge 
tube. The tubes were centrifuged for 15 minutes in an International 
model CL clinical centrifuge. 

After centrifugation 1 ml of the supernatant liquid was placed 
in a stainless steel cupped planchet. One ml of 0.005 N sodium 
hydroxide was added to the planchet to prevent dalapon losses due 
to volatility during drying. The samples in each planchet were 
evaporated to dryness using infrared lamps and were then ready for 
radioactive assay. This sample on the planchet represented 50 mg 
of the original plant tissue. Therefore, total radioactivity in different 
plant parts could be determined from these samples. A Tracerlab 
model SC 16 windowless gas flow counter and a Radiation Instru- 
ment and Development Laboratory scale were used in assaying radio- 
activity of the samples. All counts reported are based on the time 
required to obtain 1000 counts above background. 


C'4 distribution after root absorption of dalapon-C"'. 

Four week old nutsedge plants in glass vials were used to study 
C' distribution after dalapon—C™ was absorbed by the roots. Water 
was removed from the vials, and 2 ml of the 10 ppm dalapon- 
C'™ solution was added. A total of approximately 100,000 cpm of 
radioactivity was made available for absorption by each plant. Sam- 
pling was conducted 24, 48, 72, 96 and 120 hours after the start of 
treatment. Before sampling, the roots received three separate washes 
with 10 ml portions of distilled water. Counts of the root washing 
water and the solution remaining in the vials are presented in the 
data as radioactivity recovered in the vials. Following the root wash- 
ing, the root surface was blotted dry and samples for counting were 
obtained from the roots, tubers and leaves. A completely random 
split plot design with four replications was used with sampling dates 
being main plots and plant parts the split plots. 

C' distribution after soil applications of dalapon-C'\. 

The soil surface of pots, each containing a single nutsedge plant 
about | ft high, received 0.8 ml of a 6000 or 12000 ppm non-radio- 
active dalapon solution. Each pot then received 2 ml of a 20 ppm 
dalapon—C"™ solution. Solutions were pipetted onto the soil surface 
to ensure uniform distribution. Samples of the leaves, stems, tubers 
and roots were taken 7 and 14 days after treatment to determine the 
C' distribution within the nutsedge plants. Prior to sampling the 
roots were thoroughly rinsed with water. Only the parent tuber of 
each plant was sampled since no new tubers were produced. Fou 
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replications, each consisting of a single plant, were used per treat- 
ment in a randomized complete block with a split plot design. 
Basipetal C'* movement within nutsedge and quackgrass leaves. 

Individual leaves about 8 inches in length were selected on mature 
nutsedge and quackgrass plants; these were marked for ready identi- 
fication. Non-radioactive dalapon was added to a 10 ppm radioactive 
dalapon solution to obtain solutions with total dalapon concentra- 
tions of 6000 and 12000 ppm. Two ml of each of these solutions were 
placed in separate 10 x 75 mm glass test tubes. Treatment consisted 
of momentarily dipping the terminal 2 in of the leaf into these 
solutions. The basal 5 in of the leaf below the treated area was 
used to obtain a 50 mg fresh weight sample for radioactive assay. 
The leaves were sampled 1, 3 and 5 days after treatment. The experi- 
mental design used consisted of 5 replications in a randomized com- 
plete block with a factorial arrangement of treatments. 


Translocation pattern of foliar applied C"* in nutsedge. 
Single leaves about 8 in long were selected and marked on | ft 
tall, individually potted nutsedge plants. The selected leaves received 


100 


90 


LEAVES 


PER CENT RADIOACTIVITY RECOVERED 








O a6. ®@ 72 BS CO 
HOURS AFTER DALAPON SOLUTION CULTURE TREATMENT 


Figure 1. The C™ distribution pattern in 4 week old nut 
sedge plants at 24 hour intervals after root absorption 
of a 10 ppm dalapon-C™ solution. 
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a momentary dip into either 6000 ppm or 12000 ppm tagged dalapon 
solutions. These solutions were obtained using a 20 ppm radioactive 
dalapon solution plus non-radioactive dalapon. Following the entire 
leaf dip treatment the pots were placed in a horizontal position until 
there were no visible traces of the solution on the leaf. This elimi- 
nated any possibility of the solution moving externally. The plants 
were sampled 7 and 14 days after treatment. On each sampling date 
the treated leaf was washed with 10 ml distilled water before the leaf 
tissue was sampled. The remainder of the leaves, stems, roots and 
the parental tubers were then sampled. The experimental design 
used was a randomized complete block with a yee plot, with concen- 
trations as main plots and parts and dates in a factorial arrangement. 


RESULTS AND DISCUSSION 


C'+ distribution after root absorption of dalapon—C's. 

The results of radioactive assays made on nutsedge plant parts 
and on the solution remaining in the vials are presented in Figure 1. 
The points in this figure were derived by expressing the radioactivity 
recovered as a per cent of the total activity originally applied. 

The distribution pattern obtained indicated that the bulk of the 
C'™ was accumulated in the leaves. This process was quite rapid with 
84 per cent of the applied radioactivity being found in the leaves 72 
hours after treatment. The large increases of radioactivity in the 
leaves was accompanied by corresponding large decreases in radio- 
activity of the vial solutions and washings. Although considerable 
amounts of dalapon—C™ passed through the roots negligible amounts 
were accumulated by them, and only very small amounts moved into 
the parent tuber. If there was any secondary movement of C' from 
the leaves to the roots, it does not appear to have been accumulated 
by the roots or tubers. The radioactivity in the leaves is not neces- 
sarily indicative of intact dalapon molecules, but the small amount 
of C™ recovered in the roots and tubers indicates that little dalapon 
was present in these parts. 

These plants were relatively immature so that movement from the 
leaves may not have taken place because of the lack of photosynthates 
for a mass flow mechanism (2) or for a supply of energy required for 
an active transport mechanism (7). 


C's distribution after soil application of dalapon-C'. 

The amounts of C'™ translocated to various parts of nutsedge 
plants after soil surface application of dalapon—C™ solutions are 
presented in Table 1. The results indicate that again the bulk of the 
C™ was accumulated in the leaves and to a less extent in the stems 
with little accumulation in the tubers or roots. 

This experiment produced C™ distribution patterns identical 
with those observed in the solution culture experiments. In this case 
mature leaves would not be expected to be deficient in photo- 
synthates required for secondary translocation to the roots. 

Analagous patterns of distribution have been reported following 
root absorption by Blanchard et al. (1) for corn and soybeans. 
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Table 1. Mean cpm in nutsedge leaves, stems, tubers, and roots, 7 and 14 days 
after application of dalapon-—C™ solutions to the soil. 


6000 ppm dalapon 12000 ppm dalapon 
Part sampled 

cpm after cpm after cpm after | cpm after 
7 days 14 days 7 days 14 days 

2650 2360 3000 2140 

560 310 580 380 

89 27 38 bt) 

130 51 100 140 


Similar quantities of C' were translocated to various plant parts, 
following soil treatments with 6000 and 12000 ppm radioactive dala- 
pon solutions. This indicates that the acropetal translocation process 
was saturated at the 6000 ppm dalapon concentration level. Possibly 
root absorption following treatment with the 12000 ppm dalapon 
concentration was depressed due to a toxic effect of this concen- 
tration on the roots. 


Basipetal C'4 movement within nutsedge and quackgrass leaves. 


Cpm in 50 mg samples of leaf tissue taken from below the area of 
the leaf dipped in dalapon—C™ solution are presented in Table 2. 


Table 2. Mean cpm per 50 mg of nutsedge and quackgrass leaves 1, 3 and 5 days 
after leaf tips were dipped in dalapon-C™ solutions 


Dalapon Nutsedge Quackgrass 


Days after treatment 
concentration cpm cpm 


6000 ppm 120 80 
12000 ppm 520 380 


6000 ppm 350 400 
12000 ppm 400 440 


6000 ppm 230 320 
12000 ppm 280 320 


These counts represented a measure of both what was in transit and 
what was accumulated there at the time of sampling. The concentra- 
tions of dalapon applied had a significant effect on the amount of 
C'* found in the basal portion of the leaf. More activity was recorded 
at | day in leaves treated with 12000 ppm. However, at 3 and 5 days 
the amounts found in the basal portions were not greatly different. 
Essentially similar amounts were found in samples taken from 
quackgrass and nutsedge leaves. 

Visual observations indicated an inverse correlation between the 
amount of C'* translocated and the development of dalapon injury 
to the treated nutsedge leaf tissue. The peak of C' translocation 
from the 12000 ppm tagged dalapon treatment occurred | day after 
treatment. On this date significantly less C'* had moved downwards 
in the leaf from the 6000 ppm tagged dalapon treatment. No leaf 
toxicity symptoms were noticed from the low dalapon concentration 
but a slight necrosis was noticed from the high concentration. 

There was a rapid decrease in C'™ movement in nutsedge leaves $ 
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and 5 days after treatment with the 12000 ppm tagged dalapon solu- 
tion. Three days after treatment the entire area had become necrotic. 
Further development of the necrosis was not observed with the 6000 
ppm concentration, the peak of C'™ basipetal movement occurred 3 
days after treatment when only a slight terminal necrosis was 
observed. A decrease in C™ translocation was observed 5 days after 
treatment which was accompanied by an entire necrosis of the 
treated area. 

Similar results were obtained by Crafts and Foy (3), who found 
that a greater amount of dalapon was transported from leaves, if the 
dalapon concentration applied did not provide a rapid toxic effect. 


Translocation pattern of C'4 in nutsedge after an entire leaf dip. 
Radioactive assays of various plant parts and of washings of the 


treated leaves 7 and 14 days after treatment are presented in Table 3. 


Table 3. Mean cpm in treated leaf washings, leaves, stems, tubers and roots, 7 and 
14 days after a single leaf dip in dalapon—C™ solutions. 
6000 ppm dalapon 12000 ppm dalapon 
Sample counted r . ¢ 
cpm after cpm after cpm after cpm after 
7 days 14 davs 7 days 14 days 


Treated leaf washings 3120 1220 6340 3260 
Treated leaves | 1020 340 1720 620 


Remaining leaves 400 320 600 98 
Stems 220 84 | 140 12 


Tubers 47 4 60 4 
Roots 76 5 44 10 


Very small amounts of C' were found in the stems. At the most, 
only | to 2 per cent of the recovered activity was found in the 
roots and tubers. This is in agreement with Blanchard et al. (1) who 
found only 2 per cent of the applied dalapon in the roots of corn and 
soybeans, 3 and 4 days after foliar applications of daiapon. 

Significantly lower amounts of C!* were recovered at 14 days than 
at 7 days indicating that C'™ was being lost to the soil due to root 
leakage, incorporated into solid plant particles which were discarded 
after centrifugation, or lost to the atmosphere possibly as C'O,. 
Blanchard et al. (1) made water and alcohol extracts and found the 
C™ only in a compound or compounds with the same R,’s as dalapon. 
Crafts and Foy (3) reported that only slight breakdown occurs and 
Foy (5) reported that radioactivity translocated in the plants was 
identified as dalapon. Thus, if dalapon is broken down in the plant 
the degradation products must be lost rapidly. 

In these experiments the bulk of the radioactivity was found in the 
leaves, regardless of whether the dalapon—C'* was absorbed by the 
roots or by the leaves. In both cases, a very small percentage of the 
applied C'* was found in the roots and tubers indicating that small 
amounts of dalapon were present in these parts 7 and 14 days after 
treatment. 

The efficiency of dalapon in killing nutsedge undoubtedly depends 
on the amount of the material that moves to the tubers, since this 
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weed is mainly propagated by tubers. These experiments have shown 
that in nutsedge the amounts accumulated in the tubers are small. 
If these amounts are close to the threshold for toxicity, the cause of 
variability obtained in the field could be attributed to limited trans- 
location under certain conditions. Further work is needed to estab- 
lish under which conditions maximum translocation takes place 
and to determine the amounts of dalapon that are toxic to the 
tubers. 

In these experiments only movement into the parent tuber was 
studied but translocation to newly formed tubers would be equally 
critical to the effectiveness of the herbicide. 


SUMMARY 


This study was an attempt to determine why dalapon gives vari- 
able field control of yellow nutsedge. It was hypothesized that an 
investigation of the extent of dalapon translocation in the plant 
could possibly provide an answer. Investigations using C'* labeled 
dalapon and a direct counting procedure indicated there was negli- 
gible basipetal movement of C'* in the plant after leaf absorption 
while there was excellent distribution after root absorption. Never- 
theless, in all experiments little C'* accumulated in the parent tuber 
of the plant, indicating that under certain conditions limited 
dalapon translocation could account for variable field control. 
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The Influence of Temperature on the Germination 
of Wild Oat Seeds' 


G. Friesen and L. H. SHeseskr’ 


HE wild oat (Avena fatua L.) is one of the most common annual 
Sead species in the northern portion of the great plains region of 
North America (12). It has been estimated that up to 70 bushels per 
acre of wild oat seeds occur in the soil of seriously infested fields (7). 
As an impurity in threshed grain it frequently amounts to 10 per 
cent or more as dockage (11). To become a serious problem under 
the climatic conditions and cropping practices of this region, the 
seed of an annual weed such as wild oats must undergo a period of 
dormancy and require exacting conditions for its germination (2). 
Therefore, investigations to study the factors affecting dormancy and 
the optimum conditions under which weed seeds will germinate have 
received considerable attention. 

Crocker (4, 5) showed that low temperature and alternate freezing 
and thawing are factors which influence the breaking of dormancy in 
wild oat seeds. Bibbey (2) reported similar results at Saskatoon indi- 
cating that climatic conditions during the winter months remove, to 
a considerable extent, the dormancy of wild oat seeds in the soil. It 
has also been shown that dormancy of wild oat seeds is lost upon 
storage under ordinary laboratory conditions (6). 

Studies on the germination of wild oat seeds have often been com- 
plicated in that samples of seed collected vary considerably in their 
degree or state of dormancy. Mather and Greaney (9) have reported 
that wild oat seeds germinate best at a temperature below 50° F and 
that, in fact, few will germinate at soil temperatures above 50° F. 
They concluded that this explains why seeds of wild oats grow readily 
in a summerfallow field until about June | to June 15 with few 
germinating after that date. Similarly, Leggett and Banting (8) 
reported that, in Alberta, the largest percentage of wild oat seeds 
germinate between 34° F and 50° F, while the percentage that will 
germinate after soil temperatures rise above 50° F falls off rapidly. 
McDonald (10) has concluded that many wild oat plants are hybrids, 
the more resistant hybrids germinating best of all at temperatures 
just above freezing and below 50° F. 

In contrast to these observations Chepil (3) noted that wild oat 
seeds germinate well in a summerfallow field even when soil tem- 
peratures are high, such as occur during the month of July, providing 
adequate soil moisture is available. In laboratory tests, Atwood (1) 
obtained excellent germination of wild oat seeds at a temperature of 
20° C (68° F). 

It is therefore evident that conflicting opinions exist as to the 
optimum temperature requirements for wild oat seed germination. 


‘Received for publication January 24, 1961. Contribution from the Plant 
Science Department, The University of Manitoba, Winnipeg, Canada. 
*Associate Professor and Professor, respectively, Plant Science Department. 
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The experiments described in this paper were designed to study the 
germination of wild oat seeds at various temperatures. 


MATERIALS AND METHODS 


Four constant-temperature growth chambers and two laboratory 
incubators were used to provide the desired temperatures for these 
experiments. Temperatures in the growth chambers were adjusted 
to 40, 50, 60 and 70° F and maintained as constant as possible 
throughout the duration of the experiments. Two thermometers were 
placed in each growth chamber, one to record air temperature, the 
other to record soil temperature. The recorded air temperature 
means were 40.4, 47.6, 58.4 and 69.2 degrees, respectively, for the 
10, 50, 60, and 70 degree growth chambers. Soil temperature means 
were 41.4, 47.9, 56.9 and 66.3 degrees, respectively, for the four 
growth chambers. The maximum deviations recorded during the 
experimental periods were 4.0, 4.5, 5.0, 3.7 degrees, respectively, from 
the desired 40, 50, 60 and 70 degrees. Light in the growth chambers 
was supplied by both incandescent lamps and fluorescent tubes, giv- 
ing an illumination intensity of approximately 1800 foot candles 
for 16 hours, alternating with 8 hours of darkness. A pail of water 
was placed in each growth chamber so that when it became necessary 
to water the soil, the water was at the required temperature for each 
chamber. 

The wild oat seeds were obtained from two sources. One sample 
was collected in September, 1959, from an infested field near the 
campus of the University of Manitoba. Five additional samples were 
received from the Research Branch, Canada Department of Agricul- 
ture at Regina, Saskatchewan, and had been collected in August 
1959. The latter five samples were classified on the basis of seed color, 
namely dark brown, light brown, white yellow, light gray and dark 
gray. This made it possible to study the germination response of 
different wild oat types to various temperatures. All seed samples 
were stored at room temperature until May, 1960, when the ger- 
mination tests were started. Three separate experiments were 
conducted. 

In the first experiment two flats, each containing 250 wild oat 
seeds, planted to a depth of one inch, were placed in each growth 
chamber. One week after the start of the experiment emerging plants 
were counted and additional counts were made on the I Ith, I4th 
and 28th day. 

The second experiment was designed to measure the germination 
response of wild oat seeds at temperatures up to 90° F. Duplicate 
samples of 50 seeds each, placed between moistened filter paper in 
petri plates, were used at each temperature. The petri plates were 
placed in covered metal containers and the wild oat seeds allowed 
to germinate in complete darkness. The four growth chambers used 
in the first experiment provided temperatures of 40, 50, 60, and 70° 
F. Laboratory incubators were used to provide temperatures of 80 
and 90° F. No measurable deviations in temperature occurred during 
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the 14 day period of the experiment. Germinated seeds were counted 
at 7, 11, and 14 days after placement. 

In the third experiment the response to various temperatures of 
five wild oat “types” collected in Saskatchewan was studied. Again 
duplicate samples of 50 seeds each, placed between moistened filter 
paper in petri plates, were placed in each of four growth chambers. 
Germinated seeds were counted at 7 and 14 days after placement. 


RESULTS AND DISCUSSION 


Data on per cent emergence of wild oats planted in flats are pre- 
sented in Table 1. In the 70° F growth chamber the germination 


Table 1. Per cent germination of wild oat seeds in flats and petri plates in constant 
temperature growth chambers (70°, 60°, 50°, 40°) or incubators (90°, 80°). 








Period of Mean per cent germination 
Temperature °F germination 3 
days Flats Petri plates 


0 
1 
3 


40°F for 14 days then transferred to 70°F chamber 


of wild oats was excellent with 63 per cent emergence after 7 days. 
There was no significant difference between per cent emergence in 
the 60° and 70° F growth chambers. However, germination was 
somewhat slower at 60° F with only 18 per cent emergence after 7 
days. A striking reduction in emergence was noted at 50° F. At this 
temperature the wild oats did not emerge until 14 days after place- 
ment and after 28 days emergence was only 55 per cent. There was 
no emergence of wild oats at 40° F. 

One of the flats from the 40° F growth chamber was transferred 
to the 70° F chamber after 2 weeks. Germination and emergence of 
wild oats then proceeded normally. However there was some indica- 
tion of an induced change in dormancy as a result of pre-exposure to 
a low temperature. After exposure to 40° F for two weeks followed 
by exposure to 70° F for two weeks emergence was approximately 
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13 per cent less than for seeds that were placed directly into the 70° F 
growth chamber. Further work would be required to draw definite 
conclusions about the effect of temperature hoch on dormancy. 

The results obtained in flats were further substantiated by the 
results of germination tests in petri plates. Data are also presented 
in Table |. Maximum germination was recorded at 70° F with 63 
per cent germination by the 7th day. Germination at 60° F lagged 
considerably, reaching only 46 per cent by the I4th day. At 50° F, 
germination had reached only 13 per cent by the end of the germina- 
tion period. There was no germination of wild oats seeds in the 
40° F growth chamber. At 80° F, germination was quite satisfactory, 
however, it did not equal that obtained at 70° F. A temperature of 
90° F almost completely inhibited germination. 

The five wild oat “types” collected in Saskatchewan showed 
marked differences in dormancy characteristics and measurable differ- 
ences in temperature requirements for germination. Data on ger- 
mination response at various temperatures is presented in Table 2. 


Table 2. Per cent germination of five wild oat “types” in constant temperature 
growth chambers. 








Mean per cent germination 
Dark | Light | White- | Light Mean 


| 
brown | brown yellow | gray 


46 56 10 82 
60 72 14 82 


5 40 46 82 
5 50 46 86 


4 
32 
0 
6 


Mean for 
color type 5 33 


The white-yellow type showed the greatest degree of dormancy with 
a maximum of only 46 per cent germination while the dark gray type 
exhibited practically no dormancy. Temperature requirements paral- 
leled those observed in the previous experiments with an apparent 
trend towards increased germination at higher temperatures. A not- 
able exception was the white-yellow type which germinated poorly 
at 70° F. All types germinated somewhat better at lower temperature 
than the seed used in the first two experiments. The five samples 
obtained from Saskatchewan germinated to some extent at 40° F 
while germination of seed collected near Winnipeg was completely 
inhibited at this temperature. 


SUMMARY 


The influence of various temperatures on the germination of wild 
oat seeds was studied. Seeds of wild oats collected near Winnipeg 
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were planted in flats in constant temperature growth chambers and 
maintained at temperatures of approximately 40°, 50°, 60°, and 70° 
F. The greatest number of seeds germinated at temperatures of 60° 
and 70° F. At 50° F, emergence was slow and lagged well behind 
that obtained at higher temperatures. Germination was completely 
inhibited at 40° F. 

The results of germination tests on wild oat seeds in petri plates 
paralleled closely those obtained in flats with the highest per cent 
germination recorded in the 70° growth chamber. Temperatures of 
above 80° F or below 60° F were detrimental to normal germination. 

Seeds of five wild oat “types” collected in Saskatchewan differed 
only slightly in response to various temperatures as compared to 
seeds collected in Manitoba. The optimum temperature require- 
ments, at least for several of the “types’’, were slightly lower than for 
the seeds collected in Manitoba. 

It would appear that relatively warm temperatures are necessary 
for the germination of wild oat seeds. 
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Interrelations of Cultivations, Herbicides, and Methods 
of Application for Weed Control in Soybeans’ 


E. J. Perers, F. S. Davis, D. L. KuincMan, and R. E. Larson? 


HE use of herbicides in inter-tilled crops may reduce the number 

of cultivations necessary for weed control. Thus, in soybeans, 
how many cultivations are needed when herbicides are used in bands 
over the row? Overall? 

The older research data generally agree that the main value of 
cultivating inter-tilled crops is to control weeds (2, 8, 9). Other bene- 
fits from cultivation, such as loosening the soil, aeration, increased 
penetration of rainfall, formation of soil mulch to reduce evapora- 
tion, and increased nitrification have, in most cases, been shown to 
contribute practically nothing to increasing yields on many soils. In 
corn, cultivation may prune roots and actually be detrimental when 
no weeds are present (6, 9). However, under some soil or environ- 
mental conditions, cultivations may be beneficial even when no 
weeds are present (1, 4). 

Peters, et al. (7) showed that where an effective herbicide was used, 
two cultivations of soybeans were adequate. When no herbicides 
were used, increasing cultivations from twice to three times increased 
yields of soybeans significantly in 1956, but not in 1957. However, 
Indyk (3) found that cultivations were not necessary to produce opti- 
mum yields when soybeans were kept weed free with a herbicide. 
On the other hand, Meggitt (5) found that 1 and sometimes 2 culti- 

vations of corn were necessary even though weeds were eliminated 
with a herbicide. 

The herbicides available at present for use on soybeans generally 
do not give season-long weed control and some cultivation is usually 
necessary. This experiment was initiated to determine the number 
of cultivations needed. 

Spraying a band of herbicide over the row reduces the cost of appli- 
cation by about one-third, but it does not control weeds between 
the bands. Band spraying eliminates early competition of the weeds 
with the crop plants and the weeds between the bands can be 
destroyed when the soybeans are large enough to allow high-speed 
cultivation. If cultivation is needed for reasons other than weed 
control, band applications may be advantageous but under condi- 
tions where no cultivations are needed, except for weed control, culti- 
vations might be reduced or eliminated by overall herbicide applica- 
tions. With these facts in mind, band applications of herbicides were 
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compared with overall treatments to determine how many cultiva- 
tions were needed for optimum yield of soybeans. 


MATERIALS AND METHODS 


A split-plot design was used in 1956 with the herbicides applied in 
12- to 14-inch bands over the row as main plots: sodium pentachloro- 
phenate (PCP), 20 Ib/A; 2-chloro—N,N-diallylacetamide (CDAA), 
4 Ib/A; (rates are for area treated only); and an untreated check. 
Subtreatments consisted of 1, 2, and 3 cultivations given as follows: 

a. Plots that receive three cultivations were cultivated when the 

check plots needed tillage. This would compare to cultivations 
as they are normally given in Missouri. 

Plots receiving 2 cultivations were cultivated at times corre- 
sponding to the last 2 cultivations in (a) above. 

Plots receiving only | cultivation were cultivated when the last 
cultivations were given in (a) and (b) above. 

The experiment was modified in 1957, using the same herbicides 
and rates but including comparisons of overall with band applica- 
tions as main treatments in a split plot design. Also, timing oi the 
cultivation subtreatments was altered to give more nearly optimum 
cultivation to plots receiving only | or 2 cultivations, thus affording 
each combination of treatments the maximum advantage. The fol- 
lowing methods of cultivation were generally followed in 1957, 1958, 
and 1959: 

a. Plots receiving three cultivations were cultivated as in 1956. 

b. On plots receiving 2 cultivations, the first cultivation was 

delayed from 7 to 10 days. The second cultivation was per- 
formed at lay-by time. 

On plots receiving only one cultivation, the operation was 
applied after the first cultivation but before the last cultivation 
in (b) above. In wet years the effects of the herbicide were 
disappearing and weeds were emerging at the time of cultiva- 
tion. Sometimes a given cultivation was applied to a check plot 
a number of days before it was applied to a chemically treated 
plot. This system made it possible to apply cultivations at what 
was thought to be the most advantageous time for each com- 
bination of treatments. 

The experiment was conducted on Mexico silt loam at Columbia, 
Missouri, and on Wabash clay at Jefferson City, Missouri. Clark 
soybeans were planted in May at both locations (except in 1956 
when Perry soybeans were planted at Jefferson City) in 40-inch rows 
at rates ranging from 40 to 46 Ib/A. Herbicides were applied in 40 
gpa of aqueous spray at 40 psi the day of seeding or the day after. 
Individual plots consisted of 2 rows 30 ft. long. The experiments were 
replicated 4 times. Yields of soybeans at harvest time were taken from 
one 30 ft. row. No data were obtained at Jefferson City in 1957 
because excessive rain prevented proper cultivation. 

Severe infestations of annual broadleaved weeds were present at 
Columbia during all years of the experiment. Grasses were not a 
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serious problem. Weed species present at Columbia during the first 
3 years of the study were pigweeds, Amaranthus spp.; smartweeds, 
Polygonum spp.; velvetleaf, Abutilon theophrasti Medic.; foxtail, 
Setaria spp.; and crabgrass, Digitaria spp. In 1959, common ragweed, 
Ambrosia artemisiifolia L.; lambsquarters, Chenopodium album L.; 
and yellow nutsedge, Cyperus esculentus L., were common. At Jeffer- 
son City perennial broadleaved weeds were more troublesome than 
annua! broadleaved weeds but the infestation of perennials was not 
severe. Included were climbing milkweed, Ampelamus albidus 
(Nutt.) Britt.; trumpet vine, Campsis radicans (L.) Seem.; and Caro- 
lina horsenettle, Solanum carolinense L. Infestations of weed grasses 
were severe in some years and accounted for most of the competition 
to soybeans. The main annual weeds present were barnyardgrass, 
Echinochloa crusgalli (L.) Beauv.; prickly sida, Sida spinosa L.; pig- 
weeds; ivyleaf morning glory, Ipomoea hederacea (L.) Jacq.; and 
common cocklebur, Xanthium pensylvanicum Wallr. Oven dry 
weight of weeds was determined from a sample 30 feet by 40-inches 
in each plot at Columbia in 1958 and 1959 and at Jefferson City in 
1958. During other years yields of weeds were not taken. 


RESULTS 


At Columbia, in 1956, each increase in the number of cultivations 
increased the soybean yields (Table 1). Good weed control from 


Table 1. Yields of soybeans in 1956 as affected by number of cultivations and 
pre-emergence herbicides applied in 12- to 14-inch bands. 


Number of Bushels per acre 


Herbicides and rate, Ib/A cultivations 
| 
Columbia Jefferson City 


31.3 
30.2 
31.3 
CDAA, 4 >> %6 
Blu 
28.6 


Check ‘ 27 
29.6 


28 


LSD (5%) Herbicides 
Cultivations 


three cultivations caused a significant increase in yield of soybeans 
as compared to | cultivation. However, the initial cultivation was 
delayed too long to allow control of weeds when only one cultivation 
was given in 1956. The same was true for two cultivations, but the 
delay was less. Therefore, the timing for cultivations was altered in 
1957 and thereafter. The highest yields of soybeans and the best 
weed control were obtained on plots treated with PCP. Yields of soy- 
beans from plots treated with CDAA were slightly higher than the 
check. Good grass control was obtained with both of these materials, 
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but CDAA was somewhat inferior for broadleaved weed control. 
Annual weed infestations at Jefferson City were light and little bene- 
fit was derived from the use of herbicides. The small increases in 
yields obtained by cultivation were probably due to the effects on 
perennial weeds. No benefit was obtained from more than 2 
cultivations. 

At Columbia, from 1957 to 1959, two cultivations significantly 
increased yields of soybeans over one cultivation (Table 2). Three 
cultivations did not improve the yield as compared with two culti- 
vations. Averages in the tables do not include data from the 1958 
experiment because of the absence of data for a third cultivation in 
this year. The plots sprayed overall produced more soybeans than 
band-treated plots because less weeds were present on overall treated 
plots and a more thorough job of cultivation was possible. The 1957 
and 1959 average of overall treatments with PCP showed an increase 
of over 3 bu/A as compared with band treatments and CDAA treat- 
ments averaged 2.4 bu/A greater with overall sprays than with bands. 
Abundant rainfall at Columbia caused cultivation to be delayed in 
1958. Weeds were 4 inches tall at the time of the first cultivation on 
the check plots and between the treated bands; consequently, it was 
difficult to eliminate many weeds from plots treated in bands. Because 
of wet weather the third cultivation could not be made. 

The increase in soybean yields at Columbia in plots receiving 2 or 
more cultivations was because of better weed control (Table 3). Poor- 


Table 3. Yields of broadleaved weeds (Ib/A of dry matter) from soybeans given 
cultivation and herbicide treatments, Columbia. 


Num- Bands (12-14 in.) Overall Average 
Herbicides & 

rate, Ib/A Aver- Aver- Aver- 

1958 | 1959 | age | 1958 | 1959 | age | 1958 | 1959 | age 

PCP, 20 1150 | 1150 | 1150 | 280 160 | 720/] 520] 650 
210 130 170 30 30 120 80 100 

80 - 50 
660 90 420 240 380 


CDAA, 4 1030 1880 1450 1910 1530 1090 1890 1490 
170 | 1960 | 1070 1270 870 310 | 1610 970 

2340 1430 1880 
1260 1200 700 1790 1230 


Check 1680 1690 2170 1790 1550 1920 1740 
1510 | 1240 1360 | 1590 | 1390 | 1440 | 1420 

1370 2300 1830 
1460 1690 1470 1730 1580 


Averages for 
cultivations 1290 1570 1430 1160 1120 1470 1300 
450 | 1200 820 830 610 | 1040 830 
1260 1250 
LSD (5%) Cultivations 352 ns 
Herbicides 431 345 


er weed control and lower yields were obtained on the check plots 
that had only cultivations as compared to those having combinations 
of PCP and cultivation. There were also greater benefits for 2 or 
more cultivations on the check plots than in plots treated with 
herbicides, especially when treated overall. 
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Because soil moisture became critically low during the summer of 
1959 at Columbia, weeds greatly reduced yields of soybeans in plots 
given only one cultivation, especially in plots having band treatments 
of herbicides or no herbicidal treatment (Tables 2 and 3). Yields of 
weeds were significantly reduced by PCP treatments as compared 
with CDAA and the check. The yields of soybeans were corre- 
spondingly increased. 

PCP eliminated nearly all weeds where it was used as an overall 
treatment and no benefit was obtained from more than | cultivation. 
However, where PCP was used as a band treatment 2 cultivations 
were necessary to control weeds between the bands. Where PCP was 
banded and only | cultivation applied, weed control was poorer and 
yields of soybeans were considerably lower than where two or three 
cultivations were applied. CDAA had little herbicidal effect on 
broadleaved weeds and yields from treated plots were similar to the 
check in 1959. 

Wet weather prevented timely cultivations at Jefferson City in 
1957, so no data were obtained. In 1958 and 1959, increases in the 
number of cultivations did not appreciably affect the amounts of 
weeds present and did not significantly increase soybean yields 
(Table 4). Although PCP and CDAA reduced the yields of weed 


Table 4. Yields of soybeans (bu/A) given cultivation and herbicide treatments, 
Jefferson City. 


Num- Bands (12-14 in.) Overall Average 
Herbicides & ber 
rate, Ib/A of | Aver- Aver- Aver. 
cult 5 age 1959 age 1958 age 


PCP, 20 2 : 29 30.1 30.0 | 29.8 29.6 
33.4 33.3 32.0 

30.3 30.2 32 ) 30.9 

31.2 30.8 


CDAA, 4 27.4 2 2 31.0 29.6 
) 7 30 9.6 30.0 


31.7 

30.4 

Check 9.2 
a8 

0.1 
29.3 
Averages for 2 29.0 29.5 


cultivations 30.1 30.3 
30.5 30.9 


LSD (5%) Cultivation ns 
Herbicides n.s 


grasses somewhat (data not shown) the yields of soybeans from plots 
treated with the two herbicides were only slightly greater than yields 
from the check in 1958 and not significantly different in 1959. Infesta- 
tions of broadleaved weeds were low and consisted mainly of a sparse 
stand of cockleburs and Carolina horsenettle which were not numer- 
ous enough to influence yields. Barnyardgrass was controlled slightly 
better with CDAA than PCP. 
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SUMMARY 


Pre-emergence treatments of sodium pentachlorophenate (PCP) 
resulted in less weeds and greater yield of soybeans than treatments 
with CDAA or the check. Plots sprayed overall produced more soy- 
beans than those having band treatments because of better weed 
control. Cultivations alone gave poorer weed control and lower 
yields than combinations of herbicide treatments and cultivations. 

Two cultivations significantly increased yields of soybeans and 
gave better weed control than | cultivation where weeds were not 
well controlled by herbicides. Three cultivations were not significant- 
ly superior to two. Greater benefits were found from the two or more 
cultivations of the check plots (no herbicides) than in plots treated 
with herbicides. Where PCP was used overall and when it eliminated 
nearly all the weeds, there was no significant benefit from more than 
one cultivation. 
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Reproductive Potential of Cyperus esculentus by Tubers' 
M. E. TumsBiLeson and THor KOMMEDAHL? 


INTRODUCTION 


yperus esculentus L., commonly called yellow nutsedge, is a 

perennial sedge. The single culms, 2 to 9 cm tall, have at the 
base a swelling termed a basal bulb. Short, weak rhizomes terminate 
in tubers (3). 

Yellow nutsedge is frequently found in Minnesota growing in 
poorly-drained peat or sandy loam in southeastern and south-central 
counties. The prolific capacity of nutsedge to reproduce by tubers was 
briefly reported (9). 

Heavy infestations at Hollandale and Maple Plain, Minnesota, 
have rendered peatland unproductive for truck crops; some farms 
were taken out of production because of nutsedge. Figure | illus- 


Figure 1. Infestation of yellow nutsedge in a field of corn 
near Rosemount. Note that corn is shorter and lighter 
in color where nutsedge is the most dense. 


trates the deleterious effect from natural infestations of nutsedge on 
corn growing on silt-loam soil. 

The tubers, which appear to be the chief means of propagating 
C. esculentus in Minnesota, are dispersed by tillage implements. 

C. rotundus L. is an important weed in southern and southeastern 
states and has been much more widely studied than C. esculentus. 
Plowing or disking at 3-week intervals reduced infestations of C. 
rotundus 80 per cent the first year in Alabama (6). If the same cul- 
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tural practices were observed the second year and a clean-cultivated 
crop grown the third year, tubers were eradicated (7). Chains of 
tubers were broken up allowing tubers in the middle of the chain 
to germinate sooner and so partial control was achieved by hasten- 
ing tuber germination (4). 

New tubers have been produced within 3 weeks after planting 
tubers of both C. esculentus (4) and C. rotundus (5). Moreover a sin- 
gle tuber produced 146 tubers and basal bulbs in 14 weeks in the 
greenhouse (4). In Oregon, most of the tubers of C. esculentus were 
in the upper 8 inches of soil with none below 12 inches (4). However 
for C. rotundus, Andrews (1) found tubers 15 inches deep in heavy, 
alkaline soil and 24 inches deep in river silt of the Anglo-Egyptian 
Sudan. 

The objectives of these studies were to study 1) tuber characteris- 
tics, 2) reproduction and distribution of mee and tubers in the 
field, and 3) factors affecting shoot and tuber production and 
viability. 


MATERIALS AND METHODS 


Soils used were peat at Hollandale and Maple Plain, Waukegan 
silt loam at Rosemount and St. Paul and sandy silt loam (two parts 
silt loam and one part sand) in the greenhouse. 

Soil, pots, and tle used in the greenhouse (20° C) and in the field 
at St. Paul, were autoclaved for 2 hours at 15 psi and 121° C. The 
6- and 12-inch clay pots and the 8- by 36-inch tiles were set in the 
ground with the top of the pot or tile level with the soil surface. 
The bottoms of tiles were left open. 

To separate tubers from soil, tuber-infested soil was either placed 
in an 8-mesh screen-bottomed box and water (13° C) was used to 
wash out soil, or tuber-infested soil was first placed in a Clipper 
fanning mill then transferred to a screen-bottomed box and air was 
blown through the box dislodging the remaining soil. 

Germination tests were made in a Mangelsdorf germinator at 28 
C. Ten ml! of water were added to each petri plate containing tubers; 
three filter papers were used per plate. 


RESULTS AND DISCUSSION 


Tuber characteristics. 

Tuber size and weight. Tubers ranged from 3 to 11 mm in diam- 
eter, averaging 7 mm, based on 200 tubers harvested from peat 
during October and November. The average tuber weighed 209 mg 
(Table 1). 

Starch and moisture content. Nutsedge tubers are high in starch, 
located primarily in the pith and to a lesser extent in the cortex, 
as determined by iodine tests. Tubers from peat contained 40-60 
per cent moisture when oven-dried at 105° C to constant weight, 
based on 50 tubers weighed individually. 

Relation of tubers to rhizomes. A given rhizome either terminated 
in a tuber or produced a single shoot in greenhouse- or field-grown 
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Table 1. The yield of tubers from Cyperus esculentus in six samples each 
1 X 1 X 1.5 feet of peat soil at Maple Plain. 





Fresh weight of tubers 
No. tubers 
per sample Per sample Per tuber Per acre 
g meg tons 


Sample no 


1469 235 160 11.3 
1092 311 285 15.0 
941 194 206 9.3 
934 189 202 9.1 
330 61 185 2.9 

72 42 244 2.0 
823 172 209 8.3 


plants. However, a given shoot generally produced more than a single 
rhizome. In Petri plates each tuber produced from 0 to 7 shoots with 
an average of 2. Rhizomes rarely exceeded 40 cm in length when 200 
rhizomes were measured. 


Reproduction and distribution of plants and tubers. 

Shoots and tubers from one tuber. In the greenhouse 100 tubers 
planted on May 16 in a flat of sandy silt loam produced the first 
new tubers 56 days later. In the field on peat soil, new tubers were 
generally produced in late August and September in southern 
Minnesota. Figure 2 shows that a single tuber within a year pro- 
duced more than 1900 plants and nearly 6900 tubers on an area of 
about 34 square feet on silt loam. The 6900 tubers were produced 
the fall of the first season, and the 1900 plants the spring of the next. 
Tubers and plants were harvested before a new crop of tubers was 
produced. Thus if only 1280 tubers were distributed uniformly over 
an acre, 2.5 million plants and one ton of tubers could be produc ed 
within a year. 

Density of nutsedge. Five 6 x 6 inch samples were taken at Maple 
Plain in July, 1959, from a 1958 cornfield undisturbed in 1959. Nut- 
sedge plants were 240 to 360 per square foot and averaged 300, or 13 
million per acre. Other plants, mainly Polygonum and Setaria spp., 
averaged the same with a range of 212 to 408 per square foot. 

At Hollandale in August on two plots in peat, each one square 
rod, there were 4660 and 4840 plants per square rod, about 760,000 
per acre. 

Yield of tubers in peat. Six samples of nutsedge-infested peat soil 
were collected at Maple Plain. Tubers were separated from peat in 
a fanning mill, weighed and counted to ascertain the average tuber 
weight. The tuber yield was approximately 8 tons per acre to a depth 
of 18 inches (Table 1). 

Vertical distribution of tubers in peat. The number of tubers per 
square foot in successive 2-inch layers of peat at Maple Plain averaged 
296, 284, 159, 88, 33, 4, 2, 1, and 1 with none below 18 inches and 99 
per cent of the tubers above 10 jnches, based on four sample areas. 


Factors affecting shoot and tuber production. 
Soil type and volume. Tubers planted in peat or sandy silt loam 
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Figure 2. The yield of plants and tubers of Cyperus escu 
lentus in | year from a single tuber planted in silt loam 
soil at Rosemount. One tuber planted in June, 1959, pro 
duced 1918 plants (upper) and 6864 tubers (lower) to a 
10-inch depth by July, 1960. 


produced many more shoots than did those planted in sand, and 
tubers in peat produced more shoots than did tubers in sandy silt 
loam (Table 2 and Figure 3). 

With the larger pot size (greater soil volume) substantially more 
shoots were produced. After 4 weeks all new shoots came from rhi- 
zomes attached to the original plants. The number of tubers per 
plant ranged from 7 to 9 for all soils. 

The increase in shoot number was most rapid in peat and least in 
sand, using the larger pots. However the rate of increase was greatest 
in sandy silt loam, as shoot numbers were still increasing by sizable 
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amounts at 16 weeks. Also the greater number of shoots in sandy silt 
loam results in more tubers (Table 2). 

Tiles were placed in the ground, filled with sand, sandy silt loam, 
or peat, and planted (Table 3). Shoots from tubers planted in sand 
emerged sooner than did those in sandy silt loam, but plants in sandy 
silt loam produced more rhizomes, which resulted in more plants at 
the end of 6 weeks. The tubers in peat produced the most shoots pet 
tuber initially and finally. No shoots appeared from tubers planted 


24 inches deep. 


Table 2. The effect of three soil types on numbers of shoots and tubers produced 
from a single tuber of Cyperus esculentus planted 1.5 inches deep, June 2, 1959, 
in 6- and 12-inch clay pots in the field at St. Paul. Three replications. 











Sand Sandy silt loam Peat 


Weeks after planting 6-in. pot | 12-in. pot | 6-in. pot | 12-in. pot | 6-in. pot | 12-in. pot 


Number of shoots 


oath 


Noe 
wnn 
—SOwuyun=-— 


33 


Number of tubers 


251 258 


Table 3. The effect of planting depth and soil type on production of shoots 
from tubers of Cyperus esculentus.* 


Weeks after No. shoots per 25 tubers planted at 


Soil type planting 
3 in 6 in 12 in 24 in 


10 7 0 0 
11 x 4 0 
14 4 0 


Sand 


4 0 0 
13 5 0 0 
46 44 0 0 


Sandy silt loam 


16 3 0 
51 2 14 0 
72 2 37 0 


*Based on two replicates. Each replicate consisted of 25 tubers planted June 2, 1959, in tiles that 


were 8 in, in diameter and 3 ft. deep 


In the greenhouse, tubers planted 20 inches deep in peat produced, 
in 4 weeks, 12 shoots per 100 tubers planted. Also, one shoot was 
produced in 4 weeks from 100 tubers planted 32 inches deep in sandy 
silt loam. 

Washing tubers. Tubers collected from Maple Plain on October 8 
were planted the same day in 4-inch clay pots in the greenhouse. 
Unwashed tubers germinated 5 to 9 per cent after 4 weeks; whereas 
washed tubers germinated 75 to 90 per cent. These results are based 
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Figure 3. Production of tubers and rhizomes from Cyperus 
esculentus: the less dense production of tubers and 
rhizomes in peat in the field (upper) is contrasted with 
the dense production of 332 tubers (lower) from 36 
plants 16 weeks after a single tuber was planted in a 
6-inch clay pot containing sandy silt loam soil, set in the 
field. 


on 10 samples each of 25 tubers per sample. Some work has been done 
on chemically identifying this inhibitor (8). 

Depth of planting. Tubers were collected from nutsedge-infested 
peat at Maple Plain in December. Some tubers were separated from 
the soil mechanically and some were washed out with cold water. 
Both washed and unwashed tubers were planted in the greenhouse 
at different soil depths in boxes (4 x 10 « 15 inches) containing 
sandy silt loam. The data, given in Table 4, are based on four repli- 
cates of 25 tubers per replicate and represent the number of shoots 
per 100 tubers, not the percentage of tubers that germinated. A given 
tuber may produce more than one shoot. 

Planting tubers more than 6 inches deep sharply decreased the 
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number of shoots produced. ‘The maximum number of shoots 
appeared after 3 weeks for all except the 12-inch depth where 4 
weeks were needed. Also, washing tubers favored their germination. 

Fallow. The number of tubers per unit area and the viability of 
these tubers was ascertained in four fields of peat soil at Maple Plain 
which were fallowed for 4, 2, 1, and 0 years. Fallowing consisted of 


Table 4. Effect of depth of planting on the production of shoots from 200 washed 
tubers in the greenhouse. 


Number shoots per 100 tubers 


Depth of planting, in NVeeks after planting 


2 (unwashed) 


going once-over with a tandem disk every 2 weeks throughout the 
summer. Six sample areas, 12 x 12 x 6 inches, were selected from 
each field and the soil was washed from the tubers. Tubers were 
germinated at 28° C for 2 weeks. 

Two years of fallow reduced somewhat the number and viability 
of tubers; however 4 years of fallow substantially reduced both 
(Table 5). Two hundred fifty tubers collected from the soil surface 


Table 5. The effect of duration of fallow on the population and viability of tubers 
from Cyperus esculentus growing in peat sci 1t Maple Plain, Minnesota. 


Number of tubers per sq ft, 6 in. deep* 
Number of years fallowed 
Ave Range ©" viable 
875 653-960 
912 598-1476 70 
547 130-725 61 
7 2-12 28 


7? 


*Average of six samples taken in October and November, 1958 


immediately after disking were washed and incubated; they ger- 
minated 90 per cent. However 400 tubers collected 2 days after disk- 
ing, then washed and incubated, germinated less than 10 per cent. 

Day and Russell (2) stored air-dried tubers of C. esculentus for 6 
months at room temperature with only a 25 per cent loss in viability. 
Thus it is apparent that tubers lose their viability more rapidly 
when exposed outdoors to desiccating wind and sun on peat soil, 
where temperature is high, than when stored indoors. 
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SUMMARY 


Yellow nutsedge reproduces chiefly by tubers and rhizomes. Seven 
to nine tubers per plant, borne singly, terminate rhizomes. One tuber 
produces from 0 to 7 shoots but a given shoot produces many rhi- 
zomes, up to 40 cm long, that end in new shoots or tubers. The 
average tuber measured 7 mm long, weighed 209 mg, and contained 
10 to 60 per cent moisture and considerable starch. Washing tubers 
increased their germination eightfold. 

One tuber in the greenhouse produced new tubers in 8 weeks. One 
tuber in the field produced 36 plants and 332 tubers in 16 weeks, or 
1900 plants plus 6900 tubers in a patch 6.5 feet across in | year. 

Tubers on peat averaged 823 per square foot (8.3 tons/acre) 18 
inches down; 85 per cent were in the top 6 inches. 

The most shoots per tuber were produced on peat, less on sandy 
silt loam, and least on sand. 

Nutsedge plants averaged 4750 per square rod (760,000/acre) in 
one peat field; and 300 per square foot (13 million/acre) in another. 

Shoots grew from tubers planted 12 inches deep in the field, but 
grew from 20 to 32 inches deep in the greenhouse. 

Fallowing peat for 4 years decreased tuber yield from 912 (9.3 
tons/acre) to 7 tubers (0.07 ton/acre) per square foot and tuber 
viability from 72 to 28 per cent. Tillage operations that exposed 
tubers on the soil surface for 2 days lowered germination 80 per cent. 


LITERATURE CITED 


AnpDrews, F. W. A study of nutgrass (Cyperus rotundus L.) in the cotton soil 
of the Gezira: I. The maintenance of life in the tuber. Ann. Botany NS. 
4:177-193. 1940. 

Day, B. E., and Russert, R. C. The effect of drying on survival of nutgrass 
tubers. California Agr. Expt. Sta. Bull. 751. 1955. 

FERNALD, M.L. Gray's manual of botany. Eighth ed. American Book Com- 
pany, New York. 1632 p. 1950. 

Jenkins, L., and JACKMAN, E. R. Yellow nutgrass and sedge. Oregon State 
Coll. Ext. Bull. 568. 1941. 

Smirn, E. V., and Fick, G. L. Nut grass eradication studies: I. Relation of 
the life history of nut grass, Cyperus rotundus L., to possible methods of 
control. J. Am. Soc. Agron. 29:1007—1013. 1937. 

Smirn, E. V., and Mayton, E. L. Nut grass eradication studies: Il. The 
eradication of nut grass, Cyperus rotundus L., by certain tillage treatments 
J. Am. Soc. Agron. 30:18-21. 1938. 

———— and ———._ Nut grass eradication studies: III. The control of 
nut grass, Cyperus rotundus L., on several soil types by tillage. J. Am. Soc 
Agron. 34:151-159. 1942. 

Tumsieson, M. E. Germination inhibitor in tubers of Cyperus esculentus. 
Res. Rept., N. Central Weed Control Conf. 17:106-107. 1960. 

——— and KomMMENDAHL, T. Reproductive potential of Cyperus esculentus. 
Res. Rept., N. Central Weed Control Conf. 17:106. 1960. 





BRIEF PAPERS 


Winter Survival of Digitaria sanguinalis in 
Subtropical Climates’ 


Victor B. YOUNGNER? 


—_ Digitaria sanguinalis (L.) Scop., is one of the most 
troublesome annual turf weeds over much of the United States. 
In the sub-tropical climate of Southern California its life cycle 
appears to be quite different from that in most of the United States. 
To the author's knowledge, its behavior in such a climate has not 
been described. Studies of its natural development here were con- 
ducted in 1959 and 1960. 

As preliminary observation had indicated that some crabgrass may 
survive winter, 30 young plants growing in bermudagrass turf mowed 
weekly at one inch were marked in June with small stakes driven 
into the ground. In late August, 30 more young plants, from late 
germinating seed, were similarly marked. 

In January, 25 plants, which had grown the previous summer but 
appeared to have some living stems were carefully transplanted from 
the same turf to deep flats in a heated greenhouse for observation of 
regrowth. 

The first lot of marked plants began flowering in early August. By 
late September blades were heavily pigmented with anthocyanins 
and leaf necrosis evident. All plants appeared to be dead in mid- 
November. 

Only 7 of the second lot of plants were flowering by mid-September 
and 22 by mid-October. Leaf pigmentation was similar to that of the 
first lot but necrosis was slight. On December |, eleven plants still 
had numerous green leaves and 5 of these had not flowered. Foun 
plants were still green and beginning to show new growth on March 
1, but had not flowered. Minimum temperatures during the winter 
were 33—35° F. These 4 plants grew vigorously producing numerous 
inflorescences in April and May. Caryopses matured by June. 

One seemingly dead plant from the first lot and 7 from the second 
lot showed regrowth in March. New leaves appeared only at the 
rooted nodes of the old procumbent shoots. There was no regrowth 
from the crown of the old plants. These plants remained small and 
weak but produced flowers and seeds before dying in late spring. 
Many of these inflorescences had been initiated and partially devel- 
oped the previous season. Further development, prevented by the 
cool winter weather, was resumed as temperatures increased in the 
spring. 

Thirteen of the 25 plants transplanted to the greenhouse produced 
new leaves within 2 weeks after transplanting. Six died before flower- 

*Received for publication Nov. 26, 1960. 

*Assistant Professor of Ornamental Horticulture, Department of Floriculture 


and Ornamental Horticulture, University of California, Los Angeles. 
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ing but the remainder flowered and produced viable seed. As with 
the outdoor plants, all regrowth appeared at the rooted nodes. 

New crabgrass seedlings were found in sheltered spots during 
every month of the winter season. Heavy general crabgrass seed ger- 
mination began in late January and early February. Clearly pre- 
emergence herbicides should be applied in early winter for maximum 
control. 





A “Two-Gun” Ground Sprayer’ 


CarLToN H. Herpet and Frep N. Ares? 


HE most economical time to control invading noxious shrubs is at 

an early stage in the invasion, when stands are sparse. Ore method 
of doing this is with a ground spray rig (Fig. 1). With such a rig the 
problem is to get the guns out from the vehicle so that a reasonable- 
sized swath can be covered. The out-rigger apparatus described 
herein can be used to cover a swath of 50 feet where the brush is 
fairly dense, to 90 feet on sparser stands. 

A welded box frame of channel iron and scrap metal was made to 
fit in the pickup bed (Fig. 2-A). The purpose of the frame is to sup- 
port the pipe and get it high enough to clear shrubby plants. A ball- 
type trailer hitch welded to the center of the top part of the box 


Figure 1. A two-gun spray rig. 


frame on each side serves as the flexible inner support for the pipe 
boom (Fig. 2-D). The trailer hitch coupling was bolted to an 8-inch 
length of 114-inch pipe (Fig. 2-E) which was reduced to a l-inch 
pipe at a gate valve. A 20-foot length of l-inch pipe was fastened to 
the other side of the valve. This latter pipe serves as a swinging boom 
to carry the spray material and as a support for the hose and orchard 
guns attached to the outside end. From the center of each of the box 
frame side plates a 7-foot metal upright was welded in place (Fig. 
2-B). A cross-emember, welded across the top, extends outward 21 
inches on each side (Fig. 2-C). Harness rings on short lengths of chain 
were welded on the outside end and in the center of the pipe as at- 
tachment points for the support cables (Fig. 2-F). The other end of 
the one-fourth-inch cables was fastened to the outer edge of the ex- 
tended top cross-member (Fig. 2-G). Harness snaps were used for ease 
in mounting and dismantling. Turn-buckles were installed on each 
cable so that proper length adjustments could be easily made (Fig. 


*Received for publication Jan. 16, 1961. Cooperative investigations of the Crops 
Research Division, Agricultural Research Service, U. S. Department of Agricul- 
ture and the New Mexico Agricultural Experiment Station. Published as Journal 
Series No. 155, Agricultural Experiment Station, New Mexico State University. 

*Research Agronomist, and Range Conservationist, Crops Research Division, 
Agricultural Research Service, U. S$. Department of Agriculture, Jornada Experi- 
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Figure 2. A detailed view of the box frame and out-rigger connections. See the 
text for a description of the lettered points 


2-H). Fastening the upper end of the cable to the extended upper 


cross-member causes the pipe to return automatically to the center, 
outward position. 

A commercial engine-driven sprayer with a capacity of 5 gallons 
per minute and pressure range of 0 to 450 pounds per square inch 
was placed on the pickup bed inside the box frame. Two hydraulic 
hoses connect the pump to the pivot end of the pipe, sufficient slack 
being allowed to permit free swinging. A gate valve seals the inside 
end of the l-inch pipe, but it may be opened to permit rapid drain- 
age of the spray material in the Pe. The pipe is used as the carrier 
for the spray material, the liquid being forced through from a hose 
connection near the sealed end. Twenty-five feet of pressure hose 
connects the outside ends of the 2 pipes with orchard-type spray 
guns (Fig. 2-1). 

The pressure hose can be partially supported by a system of pulleys 
and a counterweight (Fig. 2-J). This facilitates handling of the hose. 

For transit, a rack is built on one side of the pic kup to carry the 
dismantled pipe. All that is necessary is to disconnect the harness 
snaps and loosen the trailer hitch at the inside end of the pipe. The 
pipe with all the hose connections intact can be laid on the pickup 
rack. 
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Equipment for the Subsurface Application 
of Solid Herbicides' 


O. B. Wooren and C. G. McWuHuortTER? 


RELIMINARY investigations were conducted to determine the feasi- 
bility of making band applications of solid materia!s (dust and 


granules) into the crop row. 


Figure 1. (A) Granular material being discharged from the underground applica 
tor, (B) rear view of applicator with perforated tube, (C) rear view of applicator 
with single outlet boom, (D) photograph of row profile showing distribution 
of fluorescent-coated granules deposited from perforated tube, (E) photograph 
of row profile showing distridution of fluorescent dust deposited from single 
outlet. White line at top of photographs D and E is a fluorescent wire outlining 


top of bed. 


‘Received for publication Jan. 27, 1961. 
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The underground liquid herbicide applicator previously described 
by Wooten and McWhorter (1) was modified. Two types of booms 
for applying solid materials were substituted for the liquid boom 
without the applicator. One boom had a single outlet as shown in 
Figure 1C. The other boom was composed of a perforated tube as 
shown in Figure 1B. 

The solid material was supplied to the booms by a power-take-off- 
driven duster with a rated air delivery of 262 cim at 6544 fpm. The 
commercially-available duster was equipped with a rotating hopper 
to prevent bridging of material at the metering slots. The hopper 
was supported by and rotated around a stationary slotted tube. A 
second slotted tube fitted within the supporting tube. Rotation of 
the inner tube gave a variable area for metering. The solid materials 
were pulled through the slotted area into the duster manifold by the 
fan and were conveyed through the flexible metal hose to the booms 
in the applicators. 

Two types of solids were used in evaluating the applicators. The 
first was a diluent for insecticidal dusts with the specification of “95 
percent through 325 mesh, calcined.” The second was a granulat 
material, 30-60 mesh. The materials were mixed with the fluorescent 
tracer, zinc ortho silicate, and the mixture was applied in the crop 
row. 

Profiles of the treated beds were cut away and examined under 
short-wavelength ultraviolet light using the technique outlined pre- 
viously by McWhorter and Wooten (2). A photograph of granular 
material applied through the perforated tube is shown in Figure 1D. 
Dust applied through the single outlet is shown in Figure IE. 

Satisfactory band patterns were deposited with both types of 
booms. The band produced by the single outlet was from 10 to 12 
inches in width. The perforated tube appeared to offer the most 
promise. Variation in boom length, hole size, and spacing could 
control distribution of material across the band. If mixing of herbi- 
cide and soil were desired, a rotary hoe could be attached to the 
subsurface applicator in the manner previously described (2). 
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A Portable Compressed-air Sprayer for Experimental Plots' 
H. D. Kerr and W. C. Rosocker? 


oseracgern is a very important feature of a sprayer for experi- 
mental plots on rangeland. The rockiness of many sites and the 
height and density of many weed stands, such as species of Ariemesia, 
Chrysothamnus, Linaria, Alhagi, and Centaurea, preclude use of 
push-type sprayers mounted on wheels. Ries and Terry* discuss the 
use of a portable small-plot sprayer but the capacity of their sprayer 
is not adequate for many situations. Range weed control research is 
often combined with reseeding and fertilization studies, and a spray- 
er with considerable capacity is needed for large plots. Swath widths 
of at least 10 feet are desirable. 

In addition to portability, features of durability, facility, comfort, 
and economy were kept in mind during the assembly of this unit in 
1958. The sprayer has been given thorough testing in an extensive 
program for three seasons. 


MATERIALS AND CONSTRUCTION 


The materials used in building this unit are listed in Table 1. The 
approximate retail cost was 125 dollars. The component parts of the 
sprayer are shown in Figure I. 


Table 1. List of materials used in constructing the portable sprayer. 


Quantity Description of the materials used 


Packboard, 4-in. plywood with back padding and straps 
Knapsack sprayer, stainless steel, 3-gallon capacity 
Knapsack sprayer, galvanized steel, 3-gallon capacity 
Springs, door, heavy duty 

Pressure gauges, 44-in. pipe, 80- and 160 psi capacities 
Pressure regulator, tapped for 4-in. pipe fittings 
Shut-off valve, 4-in. male to female threads 

Pipe tees, 4-in. female threads 

Trigger type shut-off valve with reducer for 4-in. pipe 
Pipe nipples, 4 by 1 in. 

Eyelet nozzle fittings (500T)* for 0.5-in. tubing 

Pipe caps, stainless steel, 44-in. pipe thread 

Tubing, stainless steel, 44-in. O. D. with 0.65 in. wall 
Quick-coupling air fittings, 4-in. thread 

Steel brackets 


*May be purchased from Spraying Systems Company, 3201 Randolph Street, Bellwood, Illinois 


An Army surplus packboard made of 0.25-inch exterior plywood 
was used for the mounting. The board was modified with plastic 
rope and foam rubber padding in the interest of comfort. A gal- 
vanized steel knapsack sprayer with the pump unit removed and the 

Received for publication Feb. 4, 1961. Sprayer used in cooperative investiga 
tions of the Crops Research Division, ARS, U. S. Depi. of Agr., and the Washing 
ton Agr. Exp. Sta., Pullman, Washington. 
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top openings brazed shut was used as an air reservoir. The tank with- 
stood 150 psi internal pressure after brazing, but pressure has been 
limited to 100 psi as a safety measure. This pressure proved adequate 
for emptying the spray tank. 

Spray material is dispensed through a stainless steel knapsack 
sprayer tank shown on the left in Figure |. A single tank may be used 


Figure 1. Portable sprayer disassembled to show the component parts. 


for both the spray material and the compressed air for applying 
small amounts of material. However, when three gal'ons of spray 
are desired in a single loading, the auxiliary air tank is needed. 

The boom consists of three sections and may be assembled by hand 
in the field with minimum use of tools. A swath width of 10 feet 
can be treated with the six-nozzle boom as assembled (Figures 1, 2). 
Several boom arrangements may be had by plugging nozzle open- 
ings or assembling the boom in different ways. One-half inch outside 
diameter stainless steel tubing with a wall thickness of .065 inch was 
used because of its strength and durability. The tubing was threaded 
for 0.25 inch pipe fittings and assembled with two pipe tees as joints. 
The spray material enters the boom through a trigger-type, shut-off 
valve at one of the tee joints (depends on the preference of the 
operator). A pressure gauge is mounted between the trigger valve 
and the boom, so that the operator can easily observe the pressure 
for close control of application rates. An accessory handle is mounted 
in the second tee for ease of handling the boom in various spraying 
positions. 
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Ihe tanks are mounted on the packboard (Figure 2) with steel 
support brackets at the bottom and springs to hold the tanks in 
position on the board. This arrangement facilitates removal of the 
tank for rinsing and refilling, while the boom is being flushed with 


Figure 2. Assembled sprayer mounted on the operator for field use. 
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air and water to minimize contamination of the next material. Quick- 
coupling air fittings allow rapid disassembly of the unit for trans- 
portation in a limited amount of space, such as the luggage compart- 
ment of an automobile. A shut-off valve on the inlet side of the 
pressure regulator prevents loss of air when the spray tank is 
disconnected for refilling. 

The empty weight of the sprayer is 23 pounds. Under maximum 
loads, the operator may be carrying a total of 48 pounds for brief 
periods. 

An air compressor powered with a gasoline engine with a remov- 
able air storage tank is used with this sprayer. For limited amounts 
of spraying, enough compressed air can be carried in the storage 
tank, and the compressor need not be taken to the field. 


FIELD OPERATION 

Two people make an efficient team with this sprayer. The spray 
materials are prepared by one person while the plots are being 
sprayed by another. A treatment ts applied and the operator returns 
to the staging area. The spray tank is removed from the mounting 
board for rinsing and refilling by the person doing the mixing, while 
the boom is being flushed and the air reservoir refilled by the opera- 
tor. Minimum cross-contamination of chemicals is insured by this 
procedure. The boom should not be flushed in the plot area nor the 
spray tank refilled without rinsing. A second spray tank speeds these 
operations considerably. 


A stop-watch is carried by the sprayer operator for accurate speed 
calibration checks, and precise rates of application are achieved with- 
out difficulty even when gallonage per acre must be changed between 
treatments. Two hundred field plots 10 x 30 feet have been treated 
by the writers in two hours when 20 changes of spray materials were 
required. 





News and Notes 


Floyd L. Timmons, in charge of research on aquatic weeds and 
weeds on non-crop areas for the Crops Protection Research Branch, 
ARS, USDA, stationed at the University of Wyoming since 1954, was 
given the U. S. Department of Agriculture’s Outstanding Perform- 
ance Award at a conference in Salt Lake City in February. Timmons 
was cited for “providing outstanding leadership in research on the 
control of aquatic and ditchbank weeds, of drainage and irrigation 
systems, and for greatly exceeding the requirements of his regular 
duties and responsibilities during the conduct of this research pro- 
gram.” The award is a certificate of merit, and a cash grant. 

Mr. Timmons also received the Department's only Superior 
Service Award in the field of weed control at the Honor Awards 
Ceremony in Washington, D. C., May 23, 1961. This citation was 
“For unusual leadership in research on the control of aquatic and 
ditchbank weeds of drainage and irrigation systems”’. 


Eugene E. Hughes, Soil Conservationist (Research) of the Agri- 
cultural Research Service assumed his duties June 12, 1961, in charge 
of a new cooperative research program on the control of phreato- 
phytes at the New Mexico State University Middle Rio Grande 
Substation, Los Lunas, New Mexico. The project is being conducted 
cooperatively by the ARS, New Mexico Agricultural Experiment 
Station, and Bureau of Reclamation. Mr. Hughes, a native of New 
Mexico received his undergraduate training at Eastern New Mexico 
University and Colorado State University and his graduate training 
at Texas A. & M. College. 

Keith Wallace, formerly Extension Weed Specialist at South 
Dakota State College, Brookings, is now County Agent in charge of 
weed control at Spokane, Washington. 


The 1961 meeting of the Washington State Weed Conference will 
be held in the Chinook Hotel, Yakima, Washington, on November 
6 and 7. 


The next meeting of the Weed Society of America will be held 
at the Hotel Jefferson, St. Louis, Missouri, December 11 to 14, 1961. 
The Society will be the guest of the North Central Weed Control 
Conference. The officers-are: President, K. P. Buchholtz, University 
of Wisconsin, Madison; Vice-President, Warren C. Shaw, U.S.D.A., 
Beltsville, Maryland; Secretary, F. W. Slife, University of Illinois, 
Urbana. 

The North Central Weed Control Conference will hold no pro- 
gram meeting in 1961, when it is host to the Weed Society of America 
at St. Louis. The officers for 1961 are: President, E. K. Alban, Depart- 
ment of Horticulture, The Ohio State University, 1827 Neil Ave., 
Columbus 10; Vice-President, Sig Bjerken, Minnesota Dept. of Agri- 
culture, 1097 Randolph Ave., St. Paul 5; Secretary-Treasurer, |. D. 
Furrer, Department of Agronomy, University of Nebraska, Lincoln 
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3. The 1960 Proceedings, which includes the printed Research 
Reports, can be obtained from the Secretary-Treasurer for $4.00. 
The 1962 meeting will be held in St. Paul, Minnesota, December 
3, 4, and 5. 


The next meeting of the Northeastern Weed Control Conference 
will be held January 3, 4, and 5, 1962 at the Hotel New Yorker, 
New York City. The officers for 1961 are: President, Lawrence South- 
wick, Dow Chemical Company, Midland, Michigan; Vice-President, 
D. A. Schallock, Extension Weed Control Specialist, Rutgers Uni- 
versity, New Brunswick, N. J.; Secretary, P. W. Santelmann, Depart- 
ment of Agronomy, University of Maryland, College Park; Treas- 
urer, J. A. Meade, Department of Agronomy, University of Mary- 
land, College Park. The Proceedings for 1960 can be obtained for 
$4.50, and the Supplement, which contains the registration list and 
the Research Committee report, for $2.00, from the Secretary. 


The next meeting of the Southern Weed Conference will be held 
at the Hotel Patton, Chattanooga, Tennessee, January 17, 18, and 
19, 1962. The officers for 1961 are: President, Walter K. Porter, Jr., 
Delta Experiment Station, Stoneville, Mississippi; Vice-President, 
John T. Holstun, Jr., Crops Research Division, ARS-USDA, Stone- 
ville, Mississippi; Secretary-Treasurer, Robert E. Frans, Department 
of Agronomy, University of Arkansas, Fayetteville. The Proceedings 
for 1961 can be obtained from the Secretary-Treasurer for $5.00. 

The next meeting of the Western Weed Control Conference will 
be held March 20, 21, 22, 1962, at the Flamingo Hotel, Las Vegas, 
Nevada. The officers for 1961 are: President, W. R. Furtick, Oregon 
State College, Corvallis; Vice-President, Eugene Heikes, Montana 
State College, Bozeman; Secretary- Treasurer, E. |. Bowles, 3239 May- 
fair Boulevard, Fresno, California. The Research Progress Report 
for 1961 can be obtained from the Secretary for $2.00. 

E. E. Schweizer plans to finish work for Ph.D. in Plant Physiology 
under Dr. Rogers at Purdue University by September 1. Later in 
September he will join ARS, USDA at the Delta Branch Station, 
Stoneville, Mississippi, as Plant Physiologist. He will be interested 
principally in weed control in cotton. 


B. J. Rogers has resigned his position at Purdue University and 
will join the Department of P’ant Physiology, Hilo Branch Experi- 
ment Station, University of Hawaii at Hilo, Hawaii. Dr. Rogers 
will be involved in fruit physiology and weed control. 


Dr. Albert E. Hitchcock of the Boyce Thompson Institute for 
Plant Research, Inc., Yonkers, New York, and his associate, who 
died in 1958, Dr. Percy W. Zimmerman, will be honored by the 
Franklin Institute of Philadelphia in formal ceremonies on Wednes- 
day, October 18, 1961. They have been named as recipients of the 
John Price Weatherill Medals. Since 1925, the Hitchcock-Zimmer- 
man team has conducted researches “‘on the chemical factors con- 
trolling the growth of plants, which have found application in 
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agriculture”, to quote their citation. They are credited with dis- 
covering 2,4—D in 1941, thus laying the foundation for the present 
work in selective weed control. Their work has extended much 
further in the field of chemical control of growth. Dr. Hitchcock 
is a member of many societies, including the Weed Society of 
America. 

Raymond B. Taylorson joined the Crops Protection Research 
Branch, Crops Research Division, Agricultural Research Service, 
in January 1961, and is located at Tifton, Georgia, in cooperation 
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WeEEDs 


ECONOMIC ASPECTS AND GENERAL Weep PROBLEMS 


Allen, C. E., and others. Wyoming weed control recommendations, 1959. 
Wyo. Agr. Col. Ext. C. 163, 12 p. May 1959. 

Ball, W. A conference was born. Weeds 8 (4):573-575. Oct. 1960. 

Beatty, R. H. Herbicides and the American farmer. Brit. Weed Control 
Conf. Proc. 4:86-96. 1958, pub. 1960. 

British Weed Control Conference, 4, 1958. Proceedings, Brighton, Novem 
ber 4-6, 1958. London, 1960. 271 p. 

Burge, L. M. Weed control districts. Calif. Weed Conf. Proc. 12:40—43. 
1960. 

California Weed Conference. Proceedings, twelfth annual conference, Jan- 
uary 19-21, 1960, Sacramento, California. n.p., 1960. 125 

Canada. National Weed Committee. Eastern Sect. Research report, 1960. 
Ottawa, 1960. 122 p. 

Canada. National Weed Committee. Western Sect. Research report, 1960. 
Ottawa, 1960. 131 p. 

Chesalin, G. A. Chemical control of weeds. (In Russian.) Kukuruza 
1960 (4):48-50. Apr. 

Corns, W. G. Basic and applied research in weed control. Agr. Inst. Rev 
15 (6):14-15, 51. Nov./Dec. 1960. 

Cox, J. R. Advances in total weed control, with special emphasis on new 
methods of chemical evaluation. Brit. Weed Control Conf. Proc. 4:71-73. 
1958, pub. 1960. 

Crafts, A. S. Weed control research—past, present, and future. Weeds 
8 (4):535-540. Oct. 1960. 

D'Easum, C. Cooperation solved the problems. Ext. Serv. Rev. 31 (6):115. 
June 1960. 

Dreessen, J. Weed killers and public reaction. Chem. Spec. Mfr. Assoc. 
Proc. Mid-Year Mtg. 46:195-196. 1960. 

Fosse, R. A. History of invert emulsion. Calif. Weed Conf. Proc. 12:10! 
102. 1960. 

Frans, R. E. Herbicide screening trial results, 1956-1959. Ark. Agr. Expt. 
Sta. Mimeo. Ser. 95, 19 p. Oct. 1960. 

Fratkin, A. B. Science-Technical Council of Ministry of Agriculture of the 
USSR [Ministerstvo Sel’skogo Khoziaistva SSSR] on herbicides. (In Rus- 
sian.) Zashch. Rast. ot Vred. i Boleznei 1960 (6):58. June. 

Garcia Fernandez, J. La vegetacién espontanea. Cult. Mod. 43 (8):289- 
290. Aug. 1960. 

Gerasimova, R. I. Advantages of chemical weeding. (In Russian.) Zashch. 
Rast. ot Vred. i Boleznei 1960 (4):15-16. Apr. 

Goarin, P. Note sur le lessivage des herbicides par des pluies tropicales. 
Agron. Trop. [Paris] 15 (4):450-454. July/Aug. 1960. 

Gysin, H. The role of chemical research in developing selective weed con 
trol practices. Weeds 8 (4):541-555. Oct. 1960. 

Hall, R. J. The role of the food processor's agricultural research dept. in 
crop weed control improvement. Agr. Pesticide Tech. Soc. Proc, 7:81-82. 
1960. 

Hammarlund, A. Experiences with the effect of chemical herbicides in 
practice in 1960. (In Danish.) Dansk Landbr. 79(11):337-339. Nov. 
1960. 

Hattingh, E. R. Survey of certain weed control problems in Africa south of 
the Sahara. Brit. Weed Control Conf. Proc. 4:215-225. Ref. 1958, pub. 
1960. 

Kliueva, M. P., and Levin, IA. I. The economic effectiveness of the use of 
herbicides in  corn-growing. (In Russian.) Kukuruza 1960 (6):33-35 


June. 
Kozhasov, O. S. Economics of the use of herbicides in grain culture. (In 
Russian.) Zashch. Rast. ot Vred. i Boleznei 1960 (4):13-14. Apr. 
Lindegaard, ]. Effects of weed control. (In Danish.) Landbonyt 14 (7):211 
212. July 1960. 
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Lobanov, F. 1. Order of acquisition of machinery, spare parts, and chemical 
poisons. (In Russian.) Zashch. Rast. ot Vred. i Boleznei 1960 (5):47 
May. 

Matthews, L. J. Chemical methods of weed control. New Zeal. Dept. Agt 
B. 329, 200 p. 1960. 

Melnikov, N. N. Herbicides abroad. (In Russian.) Zashch. Rast. ot Vred 
i Boleznei 1960 (4):56-58. Apr. 

Netherlands. Plantenziektenkundige Dienst. Het ontsmetten van winter 
granen [Chemical treatment of winter grain]. Netherlands. Plantenzick- 
tenk. Dienst. Ber. 1412,4 p. Sept. 1960. 

Neururer, H. Wo liegen noch Ertragsreserven? Pflanzenarzt 13 (11):110 

Nov. 1, 1960. 
sr, M. W. Research and organization needs in the field of weed con 
. Weeds 8 (4):556-560. Oct. 1960. 

Ratcliff, H. Let's take a new look at weeds. Org. Gard. & Farming 7 (11) 
64-65. Nov. 1960. 

Sheets, T. J., and Danielson, L. L.. Herbicides in soils. U. S. Agr. Res 
Serv. ARS-20-9:170-181. Ref. Sept. 1960. 

Simao, S. Herbicides and agriculture. (In Portuguese.) Rural 40 (472) 
24-25. Aug. 1960. 

Steytler, R. Van R. Public enemy No. | must be stamped out now! Farm 
ing So. Africa 36 (6):18-21. Sept. 1960. 

Steytler, R. Van R. Beware of weeds in the veld. Farming So. Africa 
36 (6):22-26. Sept. 1960. 

St. Vincent. Dept. of Agriculture. Guide to chemical weed control, by 
J. F. Mitchell. Kingston, St. Vincent Govt. Print. Off., 1960. 14 p 

Timmons, F. L. Weed control in western irrigation and drainage systems: 
losses caused by weeds; costs and benefits of weed control. U.S. Agr. Res 
Serv. ARS-34-14, 22 p., map. Sept. 1960. 

U. S. Department of Agriculture. Mr. Dairyman, it pays to use chemicals 
safely. U.S.D.A. L. 485, 4 p. Sept. 1960. 

Vertrees, J. D. Photographic technique in weed control. Calif. Weed Conf 
Proc. 12:29. 1960. 

Westmoreland, W. G. Where we stand with witchweed [Striga asiatica)] 
Weeds 8 (4):678-679. Oct. 1960. 

Woodford, E. K. A survey of international progress in chemical weed con 
trol. Brit. Weed Control Conf. Proc. 4:2-10. Ref. 1958, pub. 1960 

Woodford, E. K. Weed control—its status and organisation in Great Brit 
ain. Weeds 8 (4):561-572. Oct. 1960. 

Woodward, R. L. Significance of pesticides in water supplies. Amer. Water 
Works Assoc. J. 52 (11):1367-1372. Ref. Nov. 1960 


Il. BoTany OF WEEDs 
4. Classification and Identification 


Aellen, P. Chenopodium obscurum Aellen sp. nov. Cordoba. Acad. Nac. de 
Cien. B. 41 (1):29-30. 1959. 

Bhore, D. P. Common names for cacti. Poona Agr. Col. Mag. 50 (1):34-36 
June 1959. 

Kain, R. M. Weeds for identification. So. Austral. Dept. Agr. J. 64 (1):33 
Aug. 1960. 

Mason, R. Three waterweeds of the family Hydrocharitaceae in New 
Zealand. New Zeal. J. Sci. 3 (3):382-395, maps. Ref. Sept. 1960. 

Matthews, L. J]. Weed identification and control. New Zeal. J. Agr. 101 (2) 
121. Aug. 15, 1960. 

Meadly, G. R. W. Weeds of Western Australia: cape tulip (Homeria brey 
niana (L.) Lewis and H. miniata Sweet). West. Austral. Dept. Agr. } 
(ser. 4) 1 (7):593-599. July 1960. 

Meadly, G. R. W. Weeds of Western Australia: soursob (Oxalis pes-caprae 
L.). West. Austral. Dept. Agr. J. (ser. 4) 1 (10):881-883. Oct. 1960 

Porteres, R. Une céréale toxique de ramassage dans !'Quest-Africain (Pas 
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palum scrobiculatum L. var. polystachyum Stapf). J. d’Agr. Trop. et de 
Bot. Appl. 6 (12):680-684. Dec. 1959. 

Rambo, B. Die Europdischen Uukrauter in Siidbrasilien. Sellowia 12 (12): 
45-78. May 15, 1960. 


B. Ecological Investigations and Surveys 


Alley, H. P., Fabricius, L. J., and Sonder, L. E. Effect of big-sagebrush 
[Artemisia tridentata} control upon the density, composition, and produc 
tion of native forage species, soil moisture percentage, and snow cover. 
Wyo. Agr. Expt. Sta. Mimeo. C. 114:29-34. June 1959. 

Allsopp, W.H. L. The manatee: ecology and use for weed control. Nature 
[London] 188 (4752):762. Nov. 26, 1960. 

\rai, M., and Kataoka, T. Mechanism of competition between barley and 
weeds in winter cropping on drained paddy fields, and a diagnosis method 
of the weed damage. (In Japanese.) Crop Sci. Soc. Japan. Proc. 29 (1): 
133-136. Sept. 1960. 

Aspinall, D. An analysis of competition between barley and white persi- 
caria [Polygonum lapathifolium]. II. Factors determining the course of 
competition. Ann. Appl. Biol. 48 (3):637-654. Ref. Sept. 1960. 

Belozerov, P. 1. Distribution of some weed species in the northeastern part 
of the European part of the U.S.S.R. (In Russian.) Bot. Zhur. [Moskva] 
45 (8):1227-1232. Ref. Aug. 1960. 

Bragadin, E. A. Las pasturas en la region de Los Llanos (Provincia de La 
Rioja); estudio sinecolégico de las asociaciones vegetales naturales exist- 
entes desde el punto de vista forrajero. Rev. Agron. del Noroeste Argen- 
tino 3 (1/2):289-334, maps. 1959. 

Braun, E. L. The genus Tilia in Ohio. Ohio J. Sci. 60 (5):257-261, maps. 
Sept. 1960. 

Brzac, T. Meadows on skeletal calcareous gravelly soils. I. Association 
of Bromus erectus—Plantago media. (In Serbo-Croatian.) Vet. Arh. 30 
(9/10):237-246. 1960. 

Burges, A. Time and size as factors in ecology. J. Anim. Ecol. 29 (1):1-14. 
Ref. May 1960. 

Carvalho E Vasconcellos, J. De. Evolucao da vegetacao infestante dos arro- 
zais no concelho da Azambuja [Evolution of the plants infesting rice fields 
in the Azambuja municipal area]. Lisboa, Comissio Reguladora do 
Comércio de Arroz, 1959. 54 p. 

Ciferri, R. The plant sociology of weeds of Italian and Iberian rice culture. 
(In Italian.) Riso 9(7):10-11. July 1960. 

Competition between maize and weeds. Farming So. Africa 36 (6):27-29 
Sept. 1960. 

Cords, H. P. Factors affecting the competitive ability of foxtail barley 
(Hordeum jubatum). Weeds 8 (4):636-644. Oct. 1960. 

Gates, D. H., and Robocker, W. C. Revegetation with adapted grasses in 
competition with Dalmatian toadflax [Linaria dalmatica] and St. Johns 
wort [Hypericum perforatum]. J. Range Mangt. 13 (6):322-326. Ref. 
Nov. 1960. 

Hawksworth, F. G. Distribution of ponderosa pine dwarf mistletoe [Arceu- 
thobium vaginatum] in the vicinity of an Arizona volcano. Ecology 41 (4): 
799-800, map. Oct. 1960. 

1Unatov, A. A. A study of the biological complexes of the newly utilized 
lands. (In Russian.) Akad. Nauk SSSR. Vest. 1960 (8):125-126. Aug. 

Jeater, R.S.L. The effect of MCPA, MCPB and 2,4-DB on the productivity 
and botanical composition of permanent pasture. Brit. Weed Control 
Conf. Proc. 4:11-14. 1958, pub. 1960. 

Karmanova, I. V. Competition for nutrient substances and renewal of 
seeds in the herbaceous associations of the taiga zone. (In Russian.) 
Akad. Nauk SSSR. Dok. 133 (6):1468-1471. Aug. 21, 1960. 

Kuparadze, M. M., and Sakhokia, M. F. Soil pollution with seeds of weed 
plants in Mukhrani plain, eastern Georgia. (In Russian.) Tbilisskii Bot. 
Inst. Trudy 20:331-345. Ref. 1959. 





BIBLIOGRAPHY 697 


Major, J. Recent advances in weed control methods. Calif. Weed Conf. 
Proc. 12:85-92. Ref. 1960. 

Palmer, E. L. Basal rosettes: basal leaf production may permit the survival 
of certain plants. Nat. Hist. 69 (9):36-45. Nov. 1960. 

Pienaar, A. J., and Liebenberg, L.C. C. Weed encroachment in the Trans- 
vaal Region. Farming So. Africa 36 (6):30-32. Sept. 1960. 

Sabhasri, S., and Ferrell, W. K. Invasion of brush species into small stand 
openings in the Douglas-fir forests of the Willamette foothills. Nowest. 
Sci. 34 (3):77-88. Aug. 1960. 

Slizik, L. N. On the distribution of Conium maculatum L. in Crimea. 
(In Russian.) Bot. Zhur. [Moskva] 45 (10):1538-1540, map. Ref. Oct. 
1960. 

Van Keuren, R. W., Bruns, V. F., and Suggs, D. D. Forages for grazing and 
weed control in wet areas of the Columbia Basin. Wash. Agr. Expt. 
Sta. Sta. C. 374, 12 p. Aug. 1960. 

Williams, O. B. The selection and establishment of pasture species in a 
semi arid environment—an ecological assessment of the problem. Aus- 
tral. Inst. Agr. Sci. J. 26 (3):258-265. Ref. Sept. 1960. 

Zimmer, W. J. Mistletoes of Victoria. Victoria. Forests Comn. Forestry 
Pech. Papers 2:21-22. Oct. 1959. 


C. Physiological Investigations 


Applequist, M. B. Effects of cleared-and-burned hardwood slash on growth 
of planted loblolly pine [Pinus taeda] in Livingston Parish, Louisiana. 
]. Forestry 58 (11):899-900. Nov. 1960. 

Ashton, F. M. Soil factors affecting the effectiveness of pre-emergence herbi- 
cides. Calif. Weed Conf. Proc. 12:109-111. 1960. 

Bakurdzhieva, N. T. On the penetration of water and salts into leaves. (In 
Bulgarian.) Bilgar. Akad. na Nauk. Inst. po Biol. “Metodii Popov.” Izv. 
10:175-202. 1960. 

Bibbey, R. O. Inherent and environmental dormancies of weed seeds and 
their relationship to effectiveness of tillage and chemical weed control prac- 
tices. Agr. Pesticide Tech. Soc. Proc. 7:58-62. 1960. 

Briggs, G. W. G., and Payne, D. H. Effect of CIPC and Propham on young 
grass seed crops. Brit. Weed Control Conf. Proc. 4:178-181. 1958, pub. 
1960. 

Canny, M. J. The rate of translocation. Cambridge Philos. Soc. Biol. Rev. 
35 (4):507-532. Ref. Nov. 1960. 

Chang, H., and Lin, R. C. The effect of gibberellic acid on the growth of 
spring paddy sugarcane. Taiwan Sugar 7 (9):18-20. Ref. Sept. 1960. 
Dewey, D. R. Salt tolerance of twenty-five strains of Agropyron. Agron. 

J. 52(11):631-635. Nov. 1960. 

Downs, R. J., and Cathey, H. M. Effects of light, gibberellin, and a quater- 
nary ammonium compound on the growth of dark-grown red kidney 
beans. Bot. Gaz. 121 (4):233-237. Ref. June 1960. 

Elliott, C. S. The relative susceptibility of cereal varieties to growth regu- 
lator herbicides. Some preliminary investigations with MCPA and 2,4-D 
(also CMPP and 2,3,6-TBA). Brit. Weed Control Conf. Proc. 4:61-66. 
1958, pub. 1960. 

Filippenko, I. M. The effect of gibberellic acid on the growth, develop- 
ment, and fruit-bearing capacity of grapes. (In Russian.) Agrobiologiia 
1960 (5):770-773. Sept./Oct. 

Fireman, M. Pre-emergence herbicides—factors affecting their performance. 
Calif. Conf. Proc. 12:111-112. 1960. 

Forsyth, F. R., and Samborski, D. J. Effects of kinetin and benzimidazole 
on the growth of etiolated pea stems and barley coleoptiles. Canad. J. 
Bot. 38 (6):875-881. Ref. Nov. 1960. 

Friesen, G., Shebeski, L. H., and Robinson, A.D. Economic losses caused by 
weed competition in Manitoba grain fields. II. Effect of weed competi- 
tion on the protein content of cereal crops. Canad. J. Plant Sci. 40 (4): 
652-658. Ref. Oct. 1960. 
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Gantz, R. L., and Slife, F. W. Persistence and movement of CDAA and 
CDEC in soil and the tolerance of corn seedlings to these herbicides. 
Weeds 8 (4):599-606. Ref. Oct. 1960. 

Glasziou, K. T., Sacher, J. A., and McCalla, D. R. On the effects of auxins 
on membrane permeability and pectic substances in bean endocarp 
Amer. J. Bot. 47 (9):743-752. Ref. Nov. 1960. 

Graaf, A. J. V. D. Influence of simazin on the leaf. (In Dutch.) Boskoop 
Ver. Proefsta. v. de Boomkwekerij, Jaarb. 1959:81-83. 

Guillemat, J., and Lambert, J. Action du traitement aux organo-mer- 
curiques de la teneur en eau et de la durée du stockage sur la faculté 
germinative des semences de blé. Phytiatrie-Phytopharm. 9 (2):63-74. 
June 1960. 

Gysin, H., and Knusli, E. Activity and mode of action of triazine herbi- 
cides. Brit. Weed Control Conf. Proc. 4:225-233. Ref. 1958, pub. 1960. 

Hartman, H. T., and Hansen, C. J. Effect of season of collecting, indole- 
butyric acid, and pre-planting storage treatments on rooting of Marianna 
plum, peach and quince hardwood cuttings. Amer. Soc. Hort. Sci. Proc 
71:57-66. June 1958. 

Heras, L. Influence of light intensity on the redox potential in leaves 
in cases of iron-induced chlorosis. Nature [London] 188 (4747):335-336. 
Oct. 22, 1960. 

Humphries, E. C., and Maciejewska-Potapczyk, W. Effects of indoleacetic 
acid, naphthalene-acetic acid, and kinetin on phosphorus fractions in 
hypocotyls of dwarf bean (Phaseolus vulgaris). Ann. Bot. (n.s.) 24 (95):311 
316. Ref. July 1960. 

Itzerott, H. Simazin und Bodenfeuchtigkeit. Pflanzenschutz 12 (5):68 
May 1960. 

Jagendorf, A. T., and Margulies, M. Inhibition of spinach chloroplast 
photosynthetic reactions by p-chlorophenyl—1,l—-dimethylurea. Arch 
Biochem. & Biophys. 90 (2):184-195. Ref. Oct. 1960. 

Jonard, R. Action de l’acide indol-acetique et de lextrait de levures sur 
la restauration du pouvoir de prolifération de cultures de tissus de crown 
gall de scorsonére ayant été irradiées per les rayons X. Acad. des Sci. 
Compt. Rend. 251 (4):588-590. July 25, 1960. 

Jones, L. Effect of Propham and CIPC on grass seed crops sprayed in the 
year of sowing. Brit. Weed Control Conf. Proc. 4:175-177. 1958, pub 
1960. 

Kiermayer, O. Die formative Wirksamkeit der 2,3,5-tryodbenzoesiure 
(TIBA) in Gegenwart von Gibberellinsdure (GA). Planta 55 (2):153-168 
Ref. 1960. 

Klingmiiller, W. Uber die Photolyse von Heteroauxin im ultravioletten 
Licht. Planta 55 (3):283-291. Ref. 1960. 

Knight, R. The growth of cocksfoot (Dactylis glomerata L.) under spaced 
plant and sward conditions. Austral. J. Agr. Res. 11 (4):457-472. July 
1960 

Kosljarova, V., and others. Analogie des Einflusses von Gibberellin und 
Stolbur auf das Keimen, das Wachstum und die Fruchtbarkeit von 
Kartoffeln. (In Czech.) Biologia [Bratislava] 15 (10):784-790. 1960. 

Leblova, S., Jiracek, V., and KoéStir, J. Der Einfluss organischer Isothio 
cyanate auf das Wachstum und den Metabolismus der Pflanzen. I-II 
(In Czech.) Ceskoslov. Akad. Zemédél. Véd. Sborn. Rostlinna Vvy¥roba 
6 (5):651-678. Ref. May 1960. 

Libbert, E. Der Einfluss der Trijodbenzoesiure auf die Stoffleitung in der 
Pianze. (Abs.) Deut. Bot. Gesell. Ber. 72(11):16. 1959, pub. 1960. 
Linck, A. J., and Blaydes, G. W. Demonstration of the chemotropism of 
pollen tubes in vitro in four plant species. Ohio J. Sci. 60 (5):274-278 

Sept. 1960. 

Luckwill, L. C., and Lloyd—Jones, C. P. Metabolism of plant growth regu 
lators. I. 2,4-dichlorophenoxyacetic acid in leaves of red and of black 
currant. Ann. Appl. Biol. 48 (3):613-625. Ref. Sept. 1960 

Luckwill, L. C., and Lloyd—Jones, C. P. Metabolism of plant growth regu 
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lators. II. Decarboxylation of 2,4-dichlorophenoxyacetic acid in leaves 
of apple and strawberry. Ann. Appl. Biol. 48 (3):626-636. Sept. 1960. 

Macmillan, J., Seaton, J. C., and Suter, P. J. Plant hormones. I. Isola 
tion of gibberellin A, and gibberellin A, from Phaseolus multiflorus 
Tetrahedron 11 (1 /2):60-66. Ref. Sept. 1960. 

Mathon, C. C., and Stroun, M. Effet de la gibberelline sur le développement 
des graminées annuelles. Soc. de Biol. Compt. Rend. 154 (5):1059-1060 

Mclirath, W. J., and others. Boron and sugar translocation in plants. 
Science 132 (3431):898-899. Ref. Sept. 30, 1960. 

McWhorter, C. G., and Porter, W. K. Studies on the metabolism of plants 
treated with 3—amino-1,2,4-triazole. Physiol. Plant. 13 (3):444-449. 1960 

Mitchell, J. W., Smale, B. C., and Metcalf, R. L. Absorption and trans 
location of regulators and compounds used to control plant diseases and 
insects. Advn. Pest Control Res. 3:359-436. Ref. 1960. 

Mees, G. ¢ Experiments on the herbicidal action of 1,1’-ethylene—2,2’ 
dipyridylium dibromide. Ann. Appl. Biol. 48 (3)601-612. Ref., Sept 
1960. 

Mekhtizade, R. The effect of gibberellic acid on growth of clusters of 
grapes and individual grapes. (In Russian.) Sel’sk. Khoz. Tadzhikistana 
1960 (9):32-33. Sept. 

Mitchell, J. W., Linder, P. J., and Smale, B. C. Growth regulators and 
therapeutants—their absorption, translocation, and metabolism in plants 
U. S. Agr. Res. Serv. ARS-20-9:181-188. Ref. Sept. 1960 

Mozes, P., and Papp, O. Investigations on the action of some phytoncide 
substances upon the growing rhythm and development of some fungi 
and the germination of some seeds. (In Rumanian.) Cluj. Inst. Agron 
“Dr. Petru Groza.” Lucrari Sti. 15:173-181. 1959. 

Murakami, Y. The occurrence of gibberellin-like substances in cereal 
grasses. Bot. Mag. Tokyo 73 (863):186-190. Ref. May 1960. 

Nash, S. M., and Wilhelm, S$. Stimulation of broomrape [Orobanche] seed 
germination. Phytopathology 50(10):772-774. Ref. Oct. 1960. 

Nezamuddin, S., and Prasad, L. K. Effect of weedicides on motha (Cyperus 
rotundus) and bathua (Chenopodium album) in wheat crop. Madras 
Agr. J. 47(7):310-316. July 1960. 

Okazawa, Y. Studies on the relation between the tuber formation of potato 
and its natural gibierellin content. (In Japanese.) Crop Sci. Soc. Japan 
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13 (6):313-317. Nov. 1960. 

Rauser, W. E., and Switzer, C. M. A study on the persistence of certain 
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Roadhouse, F. E. B., and Birk, L. A. Penetration of and persistence in soil 
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Tech. Soc. Proc. 7:63. 1960. 

Robinson, E. L. Growth of witchweed (Striga asiatica) as affected by soil 
types and soil and air temperatures. Weeds 8 (4):576—581 Ref. Oct 
1960 

Rumburg, C. B., Engel, R. E., and Meggitt, W. F. Effect of temperature on 
the herbicidal activity and translocation of arsenicals. Weeds 8 (4):582 
588. Ref. Oct. 1960. 

Santos, I. S. Effect of seed treatment with maleic hydrazide on germination 
and seedling growth of corn. Philippine Agr. 44 (2/3):154-145. Ref 
July / Aug. 1960. 

Schaeverbeke, J. Action de la gibbérelline sur l'allongement des filets stami 
naux chez les graminées Acad. des Sci. Compt. Rend. 251 (11):1176-1178 


Sept. 12, 1960. 





WEEDs 


Scott, E. G. The relative toxicity of three boron compounds and sodium 
chlorate used as soil sterilants. Weeds 8 (4):645-656. Ref. Oct. 1960 
Street, H. E. Hormones and the control of root growth. Nature [London] 

188 (4747):272-274. Ref. Oct. 2%, 1960. 

Switzer, C. M., and Rauser, W. E. Effectiveness and persistence of certain 
herbicides in soil. Noeast. Weed Control Conf. Proc. 14:329-335. 1960. 

Thompson, A. H., Rogers, B. L., and Harley, C. P. Some factors affecting 
chemical thinning of Golden Delicious apples with naphthaleneacetic acid 
plus Tween 20. Amer. Soc. Hort. Sci. Proc. 72:45-51. Dec. 1958. 

Timm, H., and others. Sprouting, plant growth and tuber production as 
affected by chemical treatment of white potato seed pieces. II. Effect of 
temperature and time of treatment with gibberellic acid. Amer. Potato 
J. 37 (11):357-365. Ref. Nov. 1960. 

Vega, M. R., and Obien, S. R. The response to some lowland rice varieties 
to 2,4-dichlorophenoxyacetic acid (2,4-D). Philippine Agr. 44 (1):45-65 
June 1960. 

Vidakovic, M. Effect of gamma-rays on the germination of certain conife: 
seeds. (In Serbo-Croatian.) Sumarski List 84 (7/8):235-244. Ref. July 
\ug. 1960. 

Virag, A. Effects of chemical weed killers of some microscopic fungi. (In 
Hungarian.) Géd6ll6. Agrartudo. Egyetem. Mevzégazdasigtudo. Kar. 
Kézlem. 1958:343-356. Ref. 1959. 

Voevodin, A. V., and Andreev, 8. V. On the absorption of the 2,4—D herbi 
cide by the leaves of weeds. (In Russian.) Akad. Nauk SSSR. Dok. 134 
(1):211-213. Sept. 1, 1960. 

Weaver, R. J. Toxicity of gibberellin to seedless and seeded varieties of 
Vitis vinifera. Nature [London] 187 (4743):1135-1136. Sept. 24, 1960 

Webb, K. L., and Hodgson, R. H. Some effects of ionizing radiation on 
translocation in plants. Science 132 (3441):1762-1763. Ref. Dec. 9, 1960 

Westwood, M. N., and Batjer, L. P. Factors influencing absorption of 
dinitro—ortho-cresol and naphthaleneacetic acid by apple leaves. Amer. 
Soc. Hort. Sci. Proc. 72:35-44. Dec. 1958. 

Wiese, A. F. Effect of tansy mustard (Descurainia intermedia) on moisture 
storage during fallow. Weeds 8 (4):083-685. Oct. 1960. 

Wolf, F. T. Influence of amino triazole on the chloroplast pigments of 
wheat seedlings. Nature [London] 188 (4745):164-165. Oct. 8, 1960 

Yermanos, D. M., and Knowles, P. F. Effects of gibberellic acid treatment 
on safflower. Agron. J. 52 (10):596-598. Ref. Oct. 1960. 

Yoda, S., and Ashida, J. Effect of growth substances on the osmotic value 
of pea stem sections. Nature [London] 188 (4750):600-601. Nov. 12, 
1960. 

Yokoyama, K., and Munakata, K. Herbicidal activities of halogenoalky! 
carboxylic acid esters II. Effects on seedlings. Bot. Gaz. 122 (1):67-69 
Sept. 1960. 


D. Morphological and Anatomical Investigations 


Deysson, G., and Truhaut, R. Etude, sur la cellule végétale, de lactivité 
antimitotique d’esters phosphamidés cycliques de la bis (g-chloréthyl) 
amine. Acad. des Sci. Compt. Rend. 251 (3):468-470. July 18, 1960 

Kihlman, B. A. The radiomimetic effect of N—nitroso—-N—methylurethan in 
Vicia faba. Expt. Cell Res. 20(3):657-659. Ref. Sept. 1960. 

Parameswar, N.S. Chromosome numbers in two Compositae weeds. Cut 
Sci. 29 (9):360. Sept. 1960. 

Radwan, M. A., Stocking, C. R., and Currier, H. B. Histoautoradiographic 
studies of herbicidal translocation. Weeds 8 (4):657-665. Ref. Oct. 1960 


E. Weed Seed Investigations 


Bencze, J. Weed seed experiments results on the sandy soils of Nviregyhaza 
(In Hungarian.) Gédo6llé. Agrartudo. Egyetem. Mezigazdasigtudo. Kai 
Kézlem. 1958:99-113. Ref. 1959. 
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Corns, W. G. Combined effects of gibberellin and 2,4-D on dormant seeds 
of stinkweed (Thlaspi arvense L.) Canad. J]. Bot. 38 (6):871-874. Nov. 
1960. 

Lobanov, V. IA. What are fatuoids? (In Russian.) Selek. i Semen. 1960 
(5):46-47. Sept./Oct. 

Pieczarka, 8. ]., and Warren, G. F. The influence of concentration of fumi 
gant and time of exposure on the killing of dormant imbibed seeds. 
Weeds 8 (4):612-615. Oct. 1960. 

Sackston, W. E., and Chernick, B. M. Effects of chemical treatment and 
storage on sunflower seeds. Canad. J. Plant Sci. 40 (4):690-699. Ref 
Oct. 1960. 


Ill. Weed Control 
4. Cultural 


Fleetwood, J. R. Row spacing and weed control in soybeans. Soybean 
Digest 20 (12):6-7. Oct. 1960. 

Gil’, A. R. Importance of soil rolling in weed control. (In Russian.) 
Kukuruza 1960 (5):56. May. 

Lal, K. B. M. Eradication of Lantana, Eupatorium and other pests. Indian 
Forester 86 (8):482-484. Aug. 1960. 

Lodge, R. W. Effects of burning, cultivating and mowing on the yield and 
consumption of crested wheatgrass [Agropyron cristatum]. J. Range 
Mangt. 13 (6):318-321. Nov. 1960. 

Moriya, T., and Daibo, H. Studies on the cultivation method by drill 
2. Weed control on the oat cultivation method by drill. (In Japanese.) 
Tohoku Natl. Agr. Expt. Sta. B. 18:84-89. Mar. 1960 

Papp, L. Is it necessary to loosen the weeded soil? (In Hungarian.) Erdé 
9 (7):265-269. July 1960. 

Solov'ev, B. F. Catch crops—important reserve of increased corn produc- 
tion. (In Russian.). Kukuruza 1960 (5):10-11. May. 

Tanasescu, O., and Cazzaro, C. Effet des travaux du sol dans la lutte 
contre les mauvaises herbes. (In Rumanian.) Bucharest. Inst. de Cercet. 
Agron. An. Ser. B, Agroteh. Pasuni si Finete 26:55-61. Ref. 1958, pub 
1959. 


B. Chemical 
1. Weeds in field crops 


Anderson, G. W. Weed eradication in cultivated land. Agr. Pesticide 
Tech. Soc. Proc. 7:73-74. 1960. 

Bandeen, J. D. Chemical weed control in sugar beets is now possible. 
Agr. Pesticide Tech. Soc. Proc. 7:78-80. 1960. 

Bandeen, J. D., Jones, ©. E., and Switzer, C. M. An investigation of the 
effects of various methods of herbicide application on weed control in 
sugar beets. Amer. Soc. Sugar Beet Technol. J. 11 (2):151-154. July 1960 

Bandeen, J]. D., Jones, G. E., and Switzer,C. M. Further studies on the con 
trol of weeds in sugar beets with herbicides. Amer. Soc. Sugar Beet 
Technol. J. 11 (2):160-163. July 1960. 

Berezovskii, M. IA. Simazin—a herbicide for corn fields. (In Russian.) 
Zashch. Rast. ot Vred. i Boleznei 1960 (4):34-36. Apr. 

Cibes Viade, H. R. How weeds are controlled in leaf tobacco seedbeds. 
Tobacco [New York] 151 (27):18. Dec. 30, 1960. 

Corbetta, G. Recent trends and disadvantages in rice culture. (In Italian.) 
Riso 9(7):7-9. July 1960. 

Eddowes, M. Weed control in maize. World Crops 12 (9):349-350. Sept 
1960. 

Elliott, J. G. Herbicide tests on field beans. Brit. Weed Control Conf. 
Proc. 4:126-131. 1958, pub. 1960. 

Fabricius, L. J., and Comes, R. D. Weed control in sugar beets, progress 
report 1958. Wyo. Agr. Expt. Sta. Mimeo. C. 110, Il p. Apr. 1959 
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Foy, C. L. Weed control in agronomic crops—a report of progress. Calif. 
Weed Conf. Proc. 12:66-72. 1960. 

Fratkin, A. B. New herbicides—simazin and “atrazin"—for wide spread 
testing in corn fields. (In Russian.) Kukuruza 1960 (4):51. Apr. 

Harris, V. C. Weed control in cotton over a ten-year period by use of the 
more promising materials and techniques. Weeds 8 (4):616-624. Oct. 
1960. 

Hattingh, I. D., and Van Wyk, S. P. Save my maize! How? Farming So. 
Africa 36 (6):33-38. Sept. 1960. 

Jones, G. E. Herbicides in a crop production program. Ontario. Dept 
Agr. Ext. Br. Rpt. Annu. Conf. 1960:24-25. 

Kawatei, K., Kato, Y., and Machida, H. Studies on establishment of a weed 
ing system in field cultivation. III. Influence of weeds in the row on the 
growth and yield of upland rice plant. (In Japanese.) Crop Sci. Soc. 
Japan. Proc. 29(1):139-142. Ref. Sept. 1960. 

Kromwijk, P. A. M. Chemische onkruidbestrijdingsproeven in vezelvlas 
in 1957 en 1958. Essais de désherbages sur le lin a fibre en 1957 et 1958 
Wageningen. Proefsta. v. de Akker- en Weidebouw. Meded. 41, 62 p 
Sept. 1960. 

Lush, G. B., Leafe, E. L., and Mayes, A. J. Further work with CMPP in 
cereal crops. Brit. Weed Control Conf. Proc. 4:44-54. 1958, pub. 1960 

Makodzeba, I. A. Weed control in corn fields. (In Russian.) Kukuruza 
1960 (4):45-48. Apr. 

Makodzeba, I. A., and Fisiunov, A. V. Simazin is a herbicide for weed 
control in cornfields. (In Russian.) Vest. Sel’skokhoz. Nauki 1960 (7) 
134-137. July. 

Marshall, W. A. B., Morley, C. E. ]., and Rosher, P.H. The post-emergence 
use Gf herbicides for the control of weeds in rice in Trinidad. Empire 
J. Expt. Agr. 28 (111):244-254. Ref. July 1960. 

Meadly, G. R. W. Weed control in cereals. West. Austral. Dept. Agr. J. 
(ser. 4) 1 (7):633-634, 637-640. July 1960. 

Minibaev, R. G. Effective means to control crop weeds. (In Russian.) 
Zashch. Rast. ot Vred. i Boleznei 1960 (5):31-32. May. 

Minina, M. D. Chemical weeding of grains. (In Russian.) Zashch. Rast 
ot Vred. i Boleznei 1960 (4):30. Apr. 

Mune, T. L. The chemical control of weeds in rice fields. Fiji Dept. Ag 
Agr. J. 30(1):33-34. Mar. 1960. 

Murant, A. F. Control of wild oats (Avena fatua) in sugar beet, 1955-58 
Brit. Weed Control Conf. Proc. 4:162-167. 1958, pub. 1960. 

Murant, A. F. Experiments in 1958 with Propham and endothal for con 
trolling weeds in sugar beet. Brit. Weed Control Conf. Proc. 4:149-154 
1958, pub. 1960. 

Nezamuddin, S., and Rahman, F. Chemical weed control in maize crop 
Indian Agr. 4(1):50-53. Jan. 1960. 

Oakes, J. Y. Chemical weed control in cotton. Cotton Gin & Oil Mill 
Press 61 (12):22, 33. June 11, 1960 

Pfieffer, R. K. Some aspects of the use of 2,3,6-TBA/MCPA mixtures for 
selective weed control in cereals. Brit. Weed Control Conf. Proc. 4:54—-60 
1958, pub. 1960. 

Saplala, V. L. The effect of varying amounts of CMU and TCA + 2,4-D 
on the yield of POJ 3016. Philippine Sugar Inst. Q. 6(3):95-101. Ref 
Sept. 1960. 

Shipinov, N. A., and Chesalin, G. A. “Atrazin.” (In Russian.) Zashch 
Rast. ot Vred. i Boleznei 1960 (4):37-38. Apr. 

Staniforth, D. W., Sylwester, E. P., and Lovely, W. G. Weed control in 
corn. lowa. State U. Ext. Pam. 269, 8 p. Apr. 1960. 

Staniforth, D. W., and others. Weed control in soybeans. lewa. State | 
Ext. Pam. 270, 4 p. Apr. 1960. 

Stupakov, V. P. Application of a herbicide on sowing area of sugar beets 
(In Russian.) Sakh. Svekla 1960(7):43. July. 

Szatala, O. Chemical weed control experiments on fiber and oil flax crops 
(In Hungarian.) Kisérlet. Kézlem. 52/A (4):111-146. Ref. 1959. 
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Ubrizsy, G., and Csongrady, M. Ergebnisse der mit chlor-aminotriazinde- 
rivaten in ungarn durchgefiihrten unkrautbekimpfungsversuche. Acta 
Agron. [Budapest] 10 (1/2):197-227. Ref. 1960. 

Ujvarosi, M. Weed plants of field crops. (In Hungarian.) (Excerpts.) 
Budapest. Magyar Tudo. Akad. Agrtudo. Osztalyanak. Kézlem. 17 (2/4): 
365-368. 1960 

Vorster, S. F. Keep tobacco seedbeds free of weeds. Farming So. Africa 
36 (6):9-10 Sept. 1960. 

Weldon, L. W., and Timmons, F. L. Chemical control of annual weeds in 
dry field beans. Wyo. Agr. Expt. Sta. Mimeo. C. 115,9 p. Aug. 1959 
Wheeler, A. F. J. Selective weed control in cereals with CMPP and sodium 
monoc .,oroacetate. Brit. Weed Control Conf. Proc. 4:39-43. 1958, pub 

1960. 


2. Weeds in horticultural crops 


Ashton, F. M The major problem in vegetable crop production—weed 
control. Calif. Weed Conf. Proc. 12:72-74. 1960. 

Bakkendrup, G. Chemical weed control in forestry. (In Danish.) Dansk 
Skovfor. Tidsskr. 45 (7):309-316. July 1960. 

Becker, G. Versuche zur Unkrautbekim fung in Kartoffelbestinden. Uel 
zen, 1959. 39 p. 

Bel’kov, V. P., and Shutov, I. V. Chemical weed control of forest crops 
(In Russian.) Lesn. Khoz. 1960 (5):36-37. May. 

Bing, A. Controlling weeds in pansies. N. Y. State Flower Growers. B 
176:1-2. Aug. 1960 

Connold, W. Q., and others. Control of weeds in farm kale by spraying 
with sulphuric acid, sodium monochloroacetate, potassium cyanate and 
gas liquor (N.A.A.S. experiments 1956-57). Brit. Weed Control Conf 
Proc. 4:135-142. 1958, pub. 1960. 

Dana, M. N. Simazine for annual weed control in cranberries. Weeds 
8 (4):607-611. Oct. 1960. 

Frank, R. New herbicides for use in vegetable crops. Agr. Pesticide Tech 
Soc. Proc. 7:83-87. 1960. 

Goodman, O.G. Use of dinitro-compounds for pre-emergence weed control 
in peas. Brit. Weed Control Conf. Proc. 4:115-118. 1958, pub. 1960 
Graaf, A. J]. V.D. Comparison of herbicides for peonies. (In Dutch.) Bos- 

koop. Ver. Proefsta. v. de Boomkwekerij. Jaarb. 1959:80-81. 

Gt. Brit. Ministry of Agriculture, Fisheries and Food. Chemical weed con- 
trol in flower crops. Gt. Brit. Min. Agr. Fisheries & Food. Adv. L. 481, 
5p. Aug. 1960. 

Hewetson, F. N. Chemical weed control in the peach nursery. Pa. Agr 
Expt. Sta. Prog. Rpt. 223, 2 p. Aug. 1960 

Hirst, R. H., and Martin, D. L. Weed control in various fodder and vege 
table crops with sodium monochloroacetate. Brit. Weed Control Conf 
Proc. 4:131-134. 1958, pub. 1960. 

Holloway, R. I. ¢ Tests of 2,4-DES, CIPC and Dinoseb on Royal Sover 
eign strawberry. Brit. Weed Control Conf. Proc. 4:108-111. 1958, pub 
1960. 

Hoogeterp, P. Chemical weed control in bulbs. (In Dutch.) Netherlands 
Dir. van de Tuinbouw. Meded. 23 (5):315-322. May 1960 

Kanov, T. IA. Chemical weeding of carrots. (In Russian.) Zashch. Rast 
ot Vred. i Boleznei 1960 (5):18-19. May. 

Kohashi S., J. El petréleo es un buen herbicida econémico para los pri 
meros deshierbes de la zanahoria. Méx. Agr. 7 (79):12. Sept. 1960 

Laar, H. J. V. D. Chemical control of seedbeds after emergence. (In 
Dutch.) Boskoop. Ver. Proefsta. v. de Boomkwekerij. Jaarb. 1959:87-88 

Laar, H. J. V. D. Chemical weed control of seedbeds before emergence. 
(In Dutch.) Boskoop. Ver. Proefsta. v. de Boomkwekerij. Jaarb. 1959: 
85-87 

Laar, H. J. V. D. Chemical control of one year old Coniferae stands (seed 
beds.) (In Dutch.) Boskoop. Ver. Proefsta. v. de Boomkwekerij. Jaarb 
1959: 88-89 
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Laar, H. J. V. D. Chemical weed control of one year old transplanted 
Coniferae. (In Dutch.) Boskoop. Ver. Proefsta. v. de Boomkwekerij. 
Jaarb. 1959:90-91. ; 

Larsen, R. P., and Ries, 8. K. Simazine for controlling weeds in fruit tree 
and grape plantings. Weeds 8 (4):671-677. Oct. 1960. 

Miasoedov, S. S. Releasing forest crops with the application of 2,4—D 
(In Russian.) Lesn. Khoz. 1960 (4):16-18. Apr. 

Michelmore, G. The grower’s point of view. Brit. Weed Control Conf. 
Proc. 4:122-126. 1958, pub. 1960. 

Mikhailin, IU. M., and Zolotareva, L. P. The preparation 2,4-D for care 
of young stands. (In Russian.) Lesn. Khoz. 1960 (3):69-70. Mar. 

Miles, J. Weeds in forest plantings. Calif. Weed Conf. Proc. 12:17-18. 
1960. 

Morken, O., and Vidme, T. Trials on chemical weed control in potatoes, 
1950-56. (In Norwegian.) Forsk. og Fors@k i Landbr. 11 (5):459-482 
Ref. 1960. 

Proctor, J. M., and Armsby, W. A. Control of wild oats [Avena fatua] in 

as: progress report, 1957-58. Brit. Weed Control Conf. Proc. 4:156-161. 
1958, pub. 1960. 

Renauld, D. Le désherbage chimique de la vigne, des asperges et des 
pépiniéres par les dérives de l'urée. Soc. d'Hort. d'Orléans et du Loiret. 
B. 121 (131):3505-3506. Third Q. 1960. 

Reynolds, J.D. A guide to weed control in peas. Brit. Weed Control Conf 
Proc. 4:143-149. Ref. 1958, pub. 1960. 

Roberts, H. A. Annual weed control in established asparagus with mon 
uron. Brit. Weed Control Conf. Proc. 4:119-122. 1958, pub. 1960. 

Robinson, D. W. Use of hericides in bush fruit crops. Brit. Weed Control. 
Conf. Proc. 4:97-100. 1958, pub. 1960. 

Robinson, D. W. Use of herbicides in apples, raspberries and strawberries 
Brit. Weed Control Conf. Proc. 4:101-104. 1958, pub. 1960. 

Rogers, B. L. Chemical weed control in apple orchards—preliminary re- 
port. Md. Agr. Soc. Rpt. 44:81-85. 1959, pub. 1960. 

Stettmeier, W. Chemische Unkrautbekimpfung in Pfefferminze—Kulturen 
Pflanzenschutz 11 (11):164-165. Nov. 1959. 

Vidme, T., and Jakobsons, P. Trials on chemical weed control in carrots, 
1951-55. (In Norwegian.) Forsk. og Fors@k i Landbr. 11 (4):351-365 
Ref. 1960. 

Viaszaty, ©. Use of chemicals in forest culture. (In Hungarian.) Erdé 
9 (7):269-272. July 1960. 

Wood, J., and Howick, S. J. Experiments with herbicides on beds of Nar- 
cissus and tulip, 1955-58. Brit. Weed Control Conf. Proc. 4:112-115 
1958, pub. 1960. 

Wood, C. A., and Sutherland, J. P. Preliminaary trials of weedkillers in 
raspberry cane nurseries. Brit. Weed Control Conf. Proc. 4:104—108. 
Ref. 1958, pub. 1960. 


3. Weeds in grasslands, including grass-legume pastures, rangeland, 
turf, lawns, and cemeteries 


Baker, H. K., and Evans, S. A. The control of weeds in permanent pasture 
by MCPA and the subsequent effect on herbage productivity (an interim 
report). Brit. Weed Control Conf. Proc. 4:16-21. 1958, pub. 1960. 

Ball, R. W. E., Soundy, M., and Wilson, C. W. 2,4-DB and MCPB in 
lucerne. I-III. Brit. Weed Control Conf. Proc. 4:21-32. 1958, pub 
1960. 

Baskay-Toth, B., Petranyi, I., and Barcsak, Z. Results of weed killing and 
soil conditioning experiments on various pastures. (In Hungarian.) 
G6d6ll6. Agrartudo. Egyetem. Mezégazdasigtudo. Kar. Kézlem. 1959:85- 
102. 

Carter, J. D. New range land for old. World Farming 2(12):14-15. Dec 
1960. 
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Davis, A. M. Range development through brush control. Ark. Farm Res 
9(4):4. July/Aug. 1960. 

Elliott, J. G., and others. Use of herbicides in the surface re-seeding of old 
pasture. I-II. Brit. Weed Control Conf. Proc. 4:234-241. Ref. 1958, 
1960. 

Glastonbury, H. A., Stevenson, M. D., and Ball, R. W. E. 2,4-DB and its 
butyl ester: residue levels in seedling lucerne. Brit. Weed Control Conf. 
Proc. 4:33-38. 1958, pub. 1960. 

Goodchild, N. E. Beat mat grass [Axonopus affinis] with pasture renova- 
tion. Queensland Agr. J. 86 (9):529-530. Sept. 1960. 

Jones, L. Chemical weed control and grassland. N.A.A.S.Q. Rev. 11 (48): 
166-170. Ref. Summer 1960. 

Long, J. A. Methods of application and factors effecting selectivity of weed 
control chemicals applied to turf. Tex. Turfgrass Conf. Proc. 14:49-53. 
1959. 

Mraz, C. Precautions with weed sprays on bird’s-foot trefoil. Amer. Bee J. 
100 (10):399. Oct. 1960. 

Nutter, G., and others. Weed control. Tex. Turfgrass Conf. Proc. 14: 
75-76. 1959. 

Phillips, J. D., and Pfeiffer, R. K. An example of the relation between 
palatability of pastures and selective buttercup [Ranunculus bulbosus] 
control. Brit. Weed Control Conf. Proc. 4:15-16. 1958, pub. 1960. 

Smith, C. S. Renovation of pastures; herbicides in the improvement of 
marginal land. World Crops 12 (9):342-343. Sept. 1960. 

Van Keuren, R. W., Bruns, V. F., and Suggs, D. D. Forages for grazing and 
weed control in wet areas of the Columbia Basin. Wash. Agr. Expt. Sta 
Sta. C. 374, 12 p. Aug. 1960. 


Weeds in specialized areas, including ditchbanks, canal ditches, fencerows, 
rights-of-way, irrigation ditches, and cities 


Cutler W. A., and Grigsby, B. H. Control of cattail and other vegetation 
in drainage ditches. Amer. Soc. Agr. Engin. Trans. ASAE 3(1):66-67. 
1960. 

Dovaston, H. F. Weeds on paths and roadways. Scot. Agr. 40 (2):114. 
Autumn 1960. 

Gillfillan, W. E. Pavement weed control. Calif. Weed Conf. Proc. 12:49- 
54. 1960 

Hardy, C. H., and Chandler, H. W. Yolo County, Calif., replaces mowers 
with chemicals and gets better roadside weed control. Amer. City 75 (10): 
96-98. Oct. 1960. 

Kosesan, W. H. Chemicals control weeds in eight problem areas. Pub. 
Works 91 (11):106-108. Nov. 1960. 

Macrae, J]. W. Roadside weed and brush control on highways in eastern 
Ontario. Agr. Pesticide Tech. Soc. Proc. 7:75-77. 1960 

McHenry, W. B. Pavement weed control—what do we know about it? 
Calif. Weed Conf. Proc. 12:55-57. 1960. 

Van Til, C. J. Pavement weed control—what paving engineers want to 
know. Calif. Weed Conf. Proc. 12:57-60. 1960. 


5. Woody plants 


Arbonnier, P. La destruction chimique de la ronce [Rubus fruticosus] 
Rev. Forest. Franc. 8/9:581-584. Aug. /Sept. 1960. 

Bougard, M. Prix de revient des débroussaillements chimiques au 2,4,5-1 
sont-ils rentables? Soc. Roy. Forest. de Belg. B. (6):229-237. June 1960 

Byrnes, W. R. Chemical weed and bush control. Amer. Christmas Tree 
Growers’ J. 4(4):13-16, 39. Nov. 1960. 

Elwell, H. M. Land improvement through brush control. Soil Conserv. 
26 (3):56-59. Oct. 1960. 

Ivens, G. W The etiects of arboricides on East African trees and shrubs 
I. Acacia species. Trop. Agr. [St. Augustine] 35 (4):257-271. Ref. Oct 
1958. 
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Leonard, O. A. Recent research with herbicides on woody plants. Calif. 
Weed Conf. Proc. 12:63-65. 1960. 

Le Pont, P. Les hormones végétales auxiliaires du forestier pour la régén 
ération naturelle des futaies réguli¢res de hétre. Rev. Forest. Franc. 8/9: 
572-580. Aug./Sept. 1960. 

Peevy, F. A. Controlling Southern weed trees with herbicides. J. Forestry 
58 (9):708-710. Sept. 1960. 

Sposta, J. W. Chemical removal of inferior tropical trees species. Trop. 
Forest Notes, 4,2 p. Aug. 31, 1960. 

rhise, L. Du débroussaillement et dégagement par produits chimiques ct 
par engins mécaniques. Soc. Roy. Forest. de Belg. B. 67 (8/9):304-307 
\ug./Sept. 1960. 

Valentine, K. A., and Norris, J. J. Mesquite [Prosopis] control with 2,4,5—1 
by ground spray application. N. Mex. Agr. Expt. Sta. B. 451, 24 p. Ref. 
Sept. 1960. 


6. Aquatic weeds 


Barthelmes, D. Ein Fall von natiirlichem Gelegeriickgang. 7. f. Fisch. 
8 (7/8):551-556. Dec. 1959. 

Berry, G. J. Research and developments in aquatic weed control. Calif 
Weed Conf. Proc. 12:75-78. 1960. 

Blondeau, R. Aqualin, herbicide—a new weedkiller for submersed aquatic 
vegetation. Calif. Weed Conf. Proc. 12:9-12. 1960. 

Buckingham, F. Control of water weeds in canals, ditches and ponds 
World Farming 2(11):4-8. Nov. 1960. 

Chancellor, R. J., Coombs ‘. V., and Foster, H. S. Control of aquatic 
weeds by copper sulphate. Brit. Weed Control Conf. Proc. 4:80-84. 
1958, pub. 1960. 

Magalhaes, J. F. A simple method of collecting plankton in small fresh 
water communities. (In Portuguese.) Soc. de Biol. de Pernambuco. An. 
16 (1):109-113. July 1959. 

Ramachandran, V. Observations on the use of ammonia for the eradication 
of aquatic vegetation. J. Sci. & Indus. Res. 19C (11):284-285. Nov. 1960 

Solewski, W., and Lysak, A. The effect of furfural on some aquatic organ- 
isms. (In Czech.) Zool. Listy 9 (3):249-255. 1960. 

limmons, F. L., and Klingman, D. L. Control of aquatic and bank vege 
tation and phreatophytes. /n American Association for the Advancement 
of Science. Water and agriculture, p. 157-170. Ref. Washington, 1960 

Van Der Lingen, I., and others. Weed control in dams and irrigation 
channels. Rhodesia Agr. J. 57 (5):353-358. Sept./Oct. 1960. 

Van Overbeek, J. New herbicide for aquatic weed control. Brit. Weed 
Control Conf. Proc. 4:259-261. 1958, pub. 1960. 


7. Specific weeds 


Albert, W. B. Control of horsenettle (Solanum carolinense) in pastures. 
Weeds 8 (4):680-682. Oct. 1960. 

Allo, A. V. Scotch broom [Cytisus scoparius] controlled by mowing after 
poor results from spraying. New Zeal. J. Agr. 101 (4):407, 409. Oct. 15, 
1960. 

Andersen, N. Mistletoe; a rare and protected plant in Norway. (In Nor 
wegian.) Norsk Hagetid. 76 (8):166-167. Aug. 1960. 

Bisset, W. J. Overcoming white spear and yabila grass problems. Queens- 
land Agr. J. 86 (7):401-406. July 1960. 

Booth, A. K. Weed identification and control: Pennisetum macrourum 
New Zeal. J. Agr. 101 (4):337, 339. Oct. 15, 1960. 

Breese, T. C. Control of wild oats [Avena fatua] in sugar beet and peas 
Brit. Weed Control Conf. Proc. 4:154-155. 1958, pub. 1960. 

Butler, A. J. Chemical control of wild oats [Avena fatua] by pre-sowing 
treatments. Brit. Weed Control Conf. Proc. 4:167-171. 1958, pub. 1960. 





BIBLIOGRAPHY 707 


Bylterud, A. Control of Agropyron repens by trichloroacetic acid; results 
from experiments and practical use in Norway. Brit. Weed Control Conf. 
Proc. 4:203-208. 1958, pub. 1960. 

Clarke, E. A. Fern control. New Zeal. J. Agr. 101 (5):449, 451, 455, 457-458. 
Nov. 15, 1960. 

Conway, E., and Forrest, J. D. Chemical treatment of bracken (Pteridium 
aquilinum) in Scotland. I-II. Brit. Weed Control Conf. Proc. 4:181-189 
1958, pub. 1960. 

Dixmeras, J., and Bouchet, J. Un parasite du chanvre, l’orobanche 
[Phelipaea ramosa}]. Phytoma 12(117):39-44, map. Apr. 1960. 

Friesen, G. Chemicals for wild oats control. Manitoba. Dept. Agr. & Con 
serv. P. 320, unpaged. Feb. 1960. 

Fryer, J. D., and Chancellor, R. J. Effect of dalapon on Agropyron repens, 
Agrostis gigantea and A. stolonifera. Brit. Weed Control Conf. Proc. 4 
208-214. Ref. 1958, pub. 1960. 

Fryer, J. D., Chancellor, R. J., and Evans, S. A. Effect of dalapon on 
bracken (Pteridium aquilinum): preliminary field studies. Brit. Weed 
Control Conf. Proc. 4:189-194. 1958, pub. 1960. 

Gallinger, D., and Smith, D. R. Halogeton studies. Wyo. Agr. Expt. Sta 
Mimeo. C. 114:1-21, map. June 1959. 

Gt. Brit. Ministry of Agriculture, Fisheries and Food. The control of 
rushes. Gt. Brit. Min. Agr. Fisheries & Food. Adv. L. 443, rev., 5 p 
Mar. 1960. 

Higgins, R. E., and Erickson, L. C. Canada thistle [Cirsium arvense}: 
identification and control. Idaho. Agr. Expt. Sta. B. 338, 4 p. Sept. 1960 

Higgins, R. E., and Torell, P. J. Medusahead [Elymus caput-medusae], 
range menace. Idaho. Agr. Col. Ext. B. 331, 4 p. Aug. 1960. 

Hinke, F. Versuche zur Bekimpfung des Stumpfblittrigen Ampfers (Ru 
mex obtusifolius L.) mit neueren Wuchsstoffmitteln. Pflanzenschutz 
12 (5):59-67. May 1960. 

Isleib, D. R. Quackgrass [Agropyron repens] control in potato production 
Weeds 8 (4):631-635. Oct. 1960. 

Itie C.,G. Nuevos metodos para destruir el zacate Johnson. Tierra [Mex 
ico} 15 (9):808, 851. Sept. 1960. 

Jeater, R. S. L. Control of blackgrass (Alopecurus myosuroides) in grass 
seed crops witth Propham and CIPC. Brit. Weed Control Conf. Proc. 4 
172-175. 1958, pub. 1960. 

Laar, H. J. V. D. Chemical control of Azolla and Lemna. (In Dutch.) 
Boskoop. Ver. Proefsta. v. de Boomkwekerij. Jaarb. 1959:91-92. 

Leonard, O. A., and Carlson, C. E. Kill of blue oak [Quercus douglasii| 
and poison oak [Rhus diversiloba] by aircraft spraying with phenoxy 
herbicides. Weeds 8 (4):625-630. Ref. Oct. 1960 

Lhoste, J., Casanova, A., and Stouff, P. Control of Galium aparine with 
MCPP in France. Brit. Weed Control Conf. Proc. 4:66-68. 1958, pub 
1960 

Lindenbein, W., and Rademacher, B. Avena ludoviciana Dur.—Der Win 
terflughafer. Saatgut-Wirt. 12(7):191-194. Ref. July 1960 

Merry, D. M. E. Control of barley grass [Hordeum murinum]. New Zeal 
J. Agr. 101 (2):119. Aug. 15, 1960. 

Mever, J. Beitraige zur Biologie und Bekimpfung der Flatterbinse Juncus 
effusus L. Z. f. Acker—u. Pflanzenbau 111 (3):289-316. Ref. Oct. 1960 

Neururer, H. Friiher Nutzpflanze, heute listiges Ungras. Pflanzenarzt 13 
(10):105. Oct. 1, 1960. 

North Carolina. University. State College of Agriculture and Engineering. 
Extension Serv. Crotalaria, friend turned foe. N.C. State Agr. Col. Ext. 
Ext. Folder 186, 6 p. July 1960. 

Popova, A. IA. Centaurea diffusa Lam., a steppe-pasture weed in the 
Crimea. (In Russian.) Bot. Zhur. [Moskva] 45 (8):1207-1213. Ref. Aug 
1960. 

Pryor, M. R. Perennial herbaceous weeds. Calif. Weed Conf. Proc. 12:60 
62. 1960 





708 WEEDs 


$31. 


Richter, W. Uber ein Massenauftreten des Gifthahnenfuéses (Ranunculus 
sceleratul L.) in Ostfriesland und Versuche zur Bekimpfung des Unkrautes 
mit Wuchsstoffherbiziden. Nachrbl. des Deut. Pflanzenschutzdienstes 
12 (9):138-140. Sept. 1960. 

Robinson, E. L., and Stokes, I. E. Witchweed [Striga asiatica]: a potential 
pest of sugarcane in the United States. Sugar J. 23(5):25-27. Oct. 1960. 

Stallwood, P. L. Use of hormone herbicide for killing Leucaena glauca. 
Papua & New Guinea Agr. J. 13(1):41-42. June 1960. 

Thogersen, O. Wild oats. (In Danish.) Dansk Landbr. 79 (9):269-270 
Sept. 1960. 

Verma, R. D., and Bhardwaj, R. B. L. Put down pohli with 2,4-D! Indian 
Farming 10 (4):9-10, 40. July 1960. 

Wagner, W. H. Ragweeds. Cranbrook Inst. Sci. News Let. 30 (1):2-8. 
Sept. 1960. 


IV. CHEMICAL AND BIOCHEMICAL INVESTIGATIONS 


Fredrick, J. F., and Gentile, A. C. Preliminary studies of infra-red spectra 
of 3-amino-1,2,4-triazole and its derivatives. Phyton [Buenos Aires] 15 
(1):1-6. Sept. 1960. 

Fredrick, J. F., and Gentile, A.C. The stability constant of the manganese 
chelate of 3-amino-1,2,4-triazole. Arch. Biochem. & Biophys. 91 (2):178 
181. Ref. Dec. 1960. 

Gowing, D. P., and Leeper, R. W. Studies on the relation of chemical struc 
ture to plant growth-regulator activity in the pineapple plant. Il. Com- 
pounds related to phenoxyalkylcarboxylic acids, phthalamic acids, and 
benzoic acids. Bot. Gaz. 121 (4):249-257. Ref. June 1960. 

Jordan, L. The effect of monuron on lemon quality. Calif. Weed Conf 
Proc. 12:80-81. 1960. 

Melnikov, N. N., and Kraft, V. A. Herbicides and plant growth regulators. 
XXXV. The synthesis of some salts of triphenylphenoxyalkylphosphoni- 
um. (In Russian.) Zhur. Obshch. Khim. 30 (6):1918-1921. Ref. June 
1960. 

Peters, R. A., and others. The chemical nature of the toxic compounds 
containing fluorine in the seeds of Dichapetalum toxicarium. Biochem 
J. 77 (1):17-23. Ref. Oct. 1960. 

Sanadze, G. A., and Dolidze, G. M. On the chemical nature of the volatile 
excretions of leaves of certain plants. (In Russian.) Akad. Nauk SSSR. 
Dok. 134 (1):214-216. Sept. 1, 1960. 

Wright, N., Trautman, R. J., and Streetman, L. J. Nitrate accumulation 
in blue panicgrass [Panicum anitidotale|. Agron. ]. 52 (11):671-672. Nov 
1960. 


V. Special CHARACTERISTICS OF WEEDS 


\. . Poisonous Plants and Their Control 


Al-Rawi, A. The poisonous plants of Iraq. Iraqi J. Agr. Res. 1 (1):15 
Jan./June 1960. 

Jones, R. G. Grazing of bracken (Pteridium aquilinum) by sheep in South 
Wales. Brit. Weed Control Conf. Proc. 4:194-197. 1958, pub. 1960. 


VI. Nature AND Properties oF Cuemicats Usep as HerRsicipes 


Albert, W. B. Chemical defoliation of cotton. Clemson Agr. Col. S. C. 
Ext. Inform. Card 79 A, 3 p. Aug. 1960. 

Barnsley, G. E., and Yates, J. An assessment of sodium diphenylborinate as 
a selective herbicide. Brit. Weed Control Conf. Proc. 4:245-250. 1958, 
pub. 1960. 

Bausova, A. 8. Defoliation and desiccation of the fine-fibered cotton varie- 
ties in Turkmen SSR. (In Russian.) Khlopkovodstvo 1960 (9):23-26 
Sept. 





BIBLIOGRAPHY 709 


Blumer, S., and Kundert, J. Uber den Einfluss det Temperatur auf die 
Wirkung von Fungiziden. Landwirt. Jahrb. der Schweiz 74:465-496 
Ref. 1960. 

Bos, B. G. Van Den. Investigations on pesticidal phosphorus compounds 
II. On the structure of phosphorus compounds derived from 3—amino- 
1,2,4-triazole. Rec. des Trav. Chim. des Pays-Bas 79 (8):836-842. Aug. 
1960 

Crosby, D. G., and Berthold, R. V. n-Butyl 5-chloro—2-pyrimidoxyacetate 
—a plant growth regulator analog. J. Org. Chem. 25 (11):1916-1919. Ref. 
1960. ’ 

Gombk6t6, G. Promoting the fruit-setting of giasshouse tomato by means 
of growth regulating substances. (In Hungarian.) I. Kertészeti és 
Szoleszeti Foisk. Evkén. 7:19-26. 1959. 

Gorter, C. J. Solubility of growth regulation substances. (In Dutch.) 
Netherlands. Dir. van de Tuinbouw. Meded. 23 (5):300. May 1960. 

Graaf, A. J. V. D. The simazin test field. (In Dutch.) Boskoop. Ver. 
Proefsta. v. de Boomkwekerij. Jaarb. 1959:78-79. 

Gysin, H., and Knusli, E. Chemistry and herbicidal properties of triazine 
derivatives. Advn. Pest Control Res. 3:289-358. Ref. 1960. 

Hughes, R. G. Observation studies on total herbicides. Brit. Weed Con 
trol Conf. Proc. 4:74-80. 1958, pub. 1960. 

Imre, E. M. The use of gibberellins in agriculture; at what point are we? 
(In Italian.) Italia Agr. 97 (8):811-819. Aug. 1960. 

Kofranek, A. M., and Leiser, A. T. Chemica! defoliation of Hydrangea 
macrophylla, Ser. Amer. Soc. Hort. Sci. Proc. 71:555-562. June 1958. 
Leavitt, R. H. Chlorobenzoic acid weed killer. Calif. Weed Conf. Proc 

12:13-16. 1960. 

Ormrod, J. F. Field experiences with dalapon in re-seeding difficult land 
Brit. Weed Control Conf. Proc. 4:241-245. 1958, pub. 1960 

Petersen, H. I., and Petersen, E. J. Field experiments with chemicals for 
total control of vegetation. (In Danish.) Tidsskr. f. Planteavl 64 (2):331 
348. Ref. 1960. 

Schieferstein, R. H. Recent information on 2,4-DB. Calif. Weed Conf. 
Proc. 12:7-9. 1960. 

Seymour, W. Spraying with Dowpon. Q. J]. Forestry 54 (4):367-368. Oct. 
1960 

Shrivastava, M. M. P., and Sinha, N. P. Plant regulators in agriculture 
Allahabad Farmer 34(1):37-41. Jan. 1960. 

Stubbs, J. The herbicidal properties of 1:1’-ethylene—2:2’-dipyridylium 
dibromide. Brit. Weed Control Conf. Proc. 4:251-254. 1958, pub. 1960. 

Szabo, I Application of synthetic growth regulating substances in the 
vegetative propagation of ornamental plants. (In Hungarian.) Kertészeti 
es Szoleszeti Foisk. Evkén. 7:11-18. Ref. 1959. 

Vilmane, M. The significance of growth regulators in the grafting of some 
perennials. (In Latvian.) Latv. PSR Zinatnu Akad. Vest. 1960(1):131 
134 

Woodford, E. K., and Kasasian, L. Some new herbicides: developments in 
chemical weed control 1958-60. Chem. & Indus. 36:1118-1125. Ref 
Sept. 3, 1960. 


VU. Errecr or Hersicipes on Sos, Livestock, anp HUMANS 


Alabaster, J. S. Toxicity of weedkillers, algicides and fungicides to trout 
Brit. Weed Control Conf. Proc. 4:84-85. 1958, pub. 1960. 
Cann, H. M., and Verhulst, H. L. Fatality from acute dinitrophenol deriv 
ative poisoning. A. M. A. J. Dis. Children 100 (6):947-948. Dec. 1960 
Chandra, P., Furtick, W. R., and Bollen, W. B. The effects of four herbi- 
cides on microorganisms in nine Oregon soils. Weeds 8 (4):589-598. Ref. 
Oct. 1960. 

Glees, P., and White, W.G. A study of skin absorption effects of tri-ortho- 
cresyl phosphate (TOCP) in hens. J. Physiol. 153(1):20P-22P. Aug 
1960. 





WEEDS 


Miklovich, M. ‘Toxicity of insecticides and weed-killers on domestic ani 
mals. (In Hungarian.) Magyar Allat. Lapja 15 (10):387-391. Oct. 1960 

Shaffer, C. B. Toxicology studies on amino-triazole. Calif. Weed Conf 
Proc. 12:4-6. 1960. 

Shaw, W. M., and Robinson, B. Pesticide effects in soils on nitrification and 
plant growth. Soil Sci. 90 (5):320-323. Nov. 1960. 


I. EQUIPMENT, METHODS OF APPLICATION, AND HERBICIDAL CALCULATIONS 


Ahmad, M. Plant protection by aeroplanes—its scope and development in 
East Pakistan. Agr. Pakistan 11 (1):63-74. Mar. 1960 

\kesson, N. B. Weed control chemicals application equipment research 
Calif. Weed Conf. Proc. 12:82-85. 1960. 

\kesson, N. B., and Yates, W. E. Aircraft spraying of the viscous invert 
emulsion. Calif. Weed Conf. Proc. 12:95-100. 1960. 

Antognini, J. Soil incorporation of herbicides. Calif. Weed Conf. Proc 
12:112-114. 1960. 

Bowers, W., and Butler, B. J. Use of low pressures for controlling drift of 
spray particles. World Farming 2(12):27. Dec. 1960. 

Carter, L. M., Colwick, R. F., and Tavernetti, J. R. Evaluating flame-burner 
design for weed control in cotton. Amer. Soc. Agr. Engin. Trans. ASAF 
3 (2):125-128. 1960. 

Coupry, M.L. ‘Tour d’horizon sur les possibilities de l'atomisation du point 
de vue pratique dans un verger de pommiers et de poiriers du type haies 
fruiti¢res. Arboricult. 7 (79):22-25, 27, 29. Sept. 1960. 

Courshee, R. J. Small sprayers and dusters; requirements of small-scale 
agriculture in the Tropics. World Crops 12 (9):331-334. Sept. 1960. 

Curley, R. G. Comparison: boom and broadcast sprayers. Calif. Weed 
Conf. Proc. 12:104-108. 1960. 

Dallimore, C. E. Soil fumigation with a two-bottom two-way plow. Idaho 
Agr. Expt. Sta. B. 337, 20 p. Oct. 1960. 

Funikov, A. V. Sprayer with rotating spray nozzles. (In Russian.) Zashch 
Rast. ot Vred. i Boleznei 1950 (3):13. Mar. 

Granberg, I. Mist sprayers are effective in the garden. (In Swedish.) 
Maskintek. i Jord och Skog 12 (4):183-185. 1960. 

Little, E. C. S. Aerial spraying techniques developed in New Zealand for 
helicopters. Brit. Weed Control Conf. Proc. 4:261-264. 1958, pub. 1960 

Orsenigo, J. R. Calibration suggestions for dry and liquid herbicide appli 
cation. Fla. Everglades Expt. Sta. Mimeo Rpt. 61-2, 6 p. Sept. 15, 1960 

Meisakhovich, IA, A. Low volume tractor sprayers for orchards. (In Rus 
sian.) Zashch. Rast. of Vred. i Boleznei 1960 (6):49-52. June. 

Morozov, S. I. Prospects for mechanization. (In Russian.) Zashch. Rast 
ot Vred. i Boleznei 1960 (4):21-23. Apr. 

Nordby, A. Plantevernutstyr [Plant protection equipment]. Vollebekk 
Landbrtek. Inst. Stensiltrykk. Ser. C. 16, 4 p. 1959. 

Nordby, A. Sprayers for the small garden. (In Norwegian.) Norske 
Hageselsk. Minnelste f. Hagedyrkere 1958/59:33, 35. 

Prokopenko, S. F. Ventilation sprayer for corn weeding. (In Russian.) 
Zashch. Rast. ot Vred. i Boleznei 1960 (6):18-19. June. 

Sardarian, R. A. Lighter pressure sleeves for sprayers. (In Russian.) 
Zashch. Rast. ot Vred. i Boleznei 1960 (3):13-14. Mar. 

Schiitz, K. Pneumatische Verfahren in der Pflanzenschutztechnik. Mitt. 
der Deut. Landwirt.—Gesell. 75 (44):1323-1326. Nov. 3, 1960. 

Tonnesen, A. Spraying equipment and its use. (In Danish.) Landbonyt 
14 (6):197-200. June 1960. 

rurrell, F. M., and Austin, 8. W. Factors influencing wind machine opera 
tion. Calif. Citrog. 46 (2):38, 52-54. Dec. 1960. 

Velvetskii, I. N., Voevodin, A. V., and Beshanov, A. V. New method of the 
application of herbicides. (In Russian.) Zashch. Rast. ot Vred. i Boleznei 
1960 (4):19-20. Apr. 

Voitov, P. 1. Mechanization of the application of herbicides. (In Russian.) 
Zashch. Rast. ot Vred. i Boleznei 1960 (4):40-43. Apr. 





BIBLIOGRAPHY 711 


Wegenaar, G. Adjustment of spray release from sprayers. (In Dutch.) 


Jaarb. Tuinbouwtech. 1960/61:195, 197, 199. 
Yates, W. E. Low pressure nozzles. Calif. Weed Conf. Proc 
1960 


12:102-104 


IX. Lecat Aspects 


Gustafsson, H. Stricter regulations against wild oats. (In Swedish.) Hush- 


sillsk. Tidskr. 27 (6):125-126. 1960. 

Parsons, W. T. Noxious weed legislation in the State of Victoria, 
tralia. Calif. Weed Conf. Proc. 12:43-48. 1960. 

Rollins, R. Z. State and Federal registration of herbicides. Calif. Weed 
Conf. Proc. 12:30-35. 1960. 


Aus- 


W. F. HUMPHREY PRESS INC., GENEVA, N. Y. 











Suggestions for Contributors to WEEDS 


a ates ee of weed control, 
2 oe ee in Wezps. Man 

oty wegen ee eee or ae Sew ean 
ee ee ee ee. America 
described should be more conclusive than oe og 
original material previously unpublished elsewhere. 
absract form is permited. After review, each manieript Will | 
publica upon 
eens 00 mabe 

Refer to a recent issue of WEEDs to determine of style to 

Manuscripts. Two copies, one on bond » should be furnished for each 
manuscript. The entire text, the * footnotes and literature cited, 
should be double spaced. An copy of the manuscript should be retained 
by the author to ensure against loss. 

Use as short a title as practical. ee oes ore ee eames eeatee. 
It is desirable to divide the manuscript aces, ond Lites tana 
=p ol seed Materials, Results, Lap eqrers the agpneef — Bh ng 
° ts” ee ae combined in a single jon, 

ent of the above alte Avoid underscoring 
printed in italics. Do 


a * in arabic numerals 
waved figure is not one 


a series has two digits in wh 
The full chemical name or 
= first time used. Nomenclature, 
resented in the T Committee R. t, WSA, published 
in WEEDs oe 8487-195, July, 1960. erminolog ae fe 


Footnotes. Use footnotes for items that cannot be included con- 

veniently in the text. The the study was done and the address of 
we s) nalts ae Number sapeees Bday Soke 
secu roughout the manuscript = n te 
footanens to oe cates with superscript lower wet letters. 

Figures. Experimental data vo > gtaphic or tabular form. 
However, Pre. should not be used eer tecene materia] presented 
in the text or in tables. — estetions with —— the same 
Perse dead te cheer ghey ce See Se Se Santen no eral ie Photo- 
graphs should be clear and should unessentia 

De on wr nant in any 

Graphs and drawings should be with heavy 
Se Hand lettering shouldbe large 
ae Typing is not acceptable. Place 

back of each one submitted. T' 
separate from the figures, and dow 
secutively in arabic numerals, 

Tables. each table on a separate sheet. Tables should be numbered 
—— », Destine end MAG TEED haald Us te tow eure a coe 

umn head headings should ower case only 
ae fon cued and socket seems 

Citations. Citations are numbered by senior author and the 
number of the reference is used in the text. should include names of 
all authors, complete title, volume number, inclusive pages, publication and 

. Theses and letters, or any other communication not y available in 
braries, should appear as footnotes. 


te 

















